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Pasadena, California 

I am at a loss to explain to Consoli- 
dated Systems Corp., wholly owned 
subsidiary of CEC, why they were left 
out of the Buyers’ Guide for Analog- 
Digital Converters in your August 1959 
issue. Maybe you can help. 

CSC is a leader in the engineering 
and building of data processing sys- 
tems. More than 500 systems are now 
in service helping to acquire and 
process data used in a variety of pur- 
poses. Much technical knowledge and 
experience went into the development 
of the Microsadic High-Speed Analog- 
to-Digital Processor . 

Roger E. Holmes, Chief 
Technical Information Bureau 
Consolidated Electrodynamics Corp. 

To hold our Components Digest on 
Analog-Digital converters within prac- 
tical bounds, we were forced to limit 
coverage to converters available as in- 
dividual components, neglecting those 
units described as part of a system. 

The Microsadic is a high speed ana- 
log-digital processing system. It con- 
tinuously commutates 1 to 100 signals 
of sensing instruments, digitalizes them, 
adds to them other necessary informa- 
tion and records it all in a form usable 
by a computer at rates of up to 10,000 
samples per second. It converts and 
preserves these signal values with 
greater accuracy than that with which 
they were initially derived (an accu- 
racy within + 0.1% of the true digital 
value). Ed 
For more information on the Microsadic system, 
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Philadelphia, Pa. 
To say that the Components Digest 
articles on connectors in the May and 
July 1959 issues were a shock to me 
would be putting it ever so mildly > As 
one of the leading manufacturers of 
both standard and printed circuit con- 
nectors, with the one connector in the 
industry that offers more in versatility 
and reliability than can be found any- 
where else, we were humiliated to 
have gone through the articles men- 
tioned and not to have found a single 
word about Elco’s Varicon connectors. 
A study such as you did can easily 
do us almost irreparable harm, despite 
the fact that our product is found in 
much commercial and military equip- 
ment. Why only “in your own back- 
yard” at Raytheon and in Sylvania’s 
“MOBIDIC” project will you find the 
Varicon in full use. 
There has been nothing offered the 
Industry to date that has afforded the 
project, design, and packaging engi- 


neer, the versatility of design and 
packaging that can be found with 
Elco’s Varicon. This in addition to a 
connector that has been subjected to 
thousands and thousands and _thou- 
sands of insertion and withdrawals 
with no change of contact resistance! 

Unfortunately, in this case, many 
people are swayed by what they read 
and those engineers who may have 
been “on the verge” of designing Elco’s 
Varicon in their equipment could eas- 
ily set our product aside in favor of 
one of the more conventional type of 
connectors, simply because an article 
like yours makes no mention of Elco 
and the Varicon connector . . . By the 
way, it was a very good article—as far 
as it went. 

Leo Kagan 
Vice President—Sales 
Elco Corp. 

Information on Varicons certainly 
did belong in our Components Digest 
on connectors. These Elco products 
employ a unique fork-like contact de- 
sign that is making considerable im- 
pact on the electronics industry. Elec- 
trical contact is established by en- 
gagement of two flat tines. Four sur- 
faces are involved in the mating action, 
with consequent increase in reliability 
over a single-point connecting device. 
Ability to maintain low contact resist- 
ance after repeated insertions and 
withdrawals is an important character- 
istic. Relatively low insertion and with- 
drawal force for a carefully assembled 
item is another significant factor. As 
Mr. Kagan says, an outstanding charac- 
teristic of this contact is its versatility. 

Ed 
Elco connectors 


For catalog information on 
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e o © e 


Cincinnati, Ohio 

It has just been brought to my at- 
tention that an error exists in the 
summary data sheets concerning Bald- 
win encoders . . . The error concerns 
our sub-miniature encoder, Model 
B2.6SS13. In your summary, you have 
the type readout listed as parallel. The 
type readout should be serial. . . . 

Also for purposes of discussion and 
for summary purposes such as the data 
sheet which you have provided, we 
fee] that there could be some misun- 
derstanding about accuracy listed as 
1% parts in 8,192. In our bulletin 
#0858 we do indicate that there could 
be a maximum error of +1% quanta. 
However, please note that % quanta 
error is contributed by readout error. 
This does not normally concern the en- 
coder itself, but equipment which fol- 
lows. . 
The Baldwin Piano Co. 
C. F. Winder 
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NEW 
MODULAR 
SPEED REDUCER 


Specifically constructed for quick, easy stacking, 












Link’s new modular reducers are available in 4 basic 
ratios: 5, 10, 20 and 25 to 1 from which up to 56 
different ratios can be provided. By stacking just 
three space-saving modules, for example, a reduction 
as high as 15,625 to 1 can be obtained. Designed for 
application with servo mechanisms, control equip- 
ment, instruments, computers and motor drives, these 


reducers measure only 134” x 134” x 1” and weigh 


just 414 ounces each. 


Write other features: 

Department 

E i a OUTPUT: UP TO 50 IN. OZ. +» BACKLASH: LESS THAN 30 

for new pl MINUTES + RUNNING FRICTION: AT LEAST 98% EFFICIENCY 
“Ye: gga LIFETIME LUBRICATION - GEARS: AGMA CLASS PRECISION 


FREE 


2C - BEARINGS: ABEC-5 BALL BEARINGS 
booklet. 


Link can also fill your custom servo or electromechanical requirements. 
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| GENERAL | 
Binghamton, New York i] | 4 PRECISION | 
us x : COMPANY | 
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SCHULER 


Enlarged research and develop- 
ment of precision mechanisms 
used in Inertial Guidance have 
enlarged our staff openings for 
engineers, scientists and mathe- 
maticians with 3 to 5 years of expe- 
rience in this field. Write to Mr. 
C. T. Petrie, Manager, Research & 
Engineering Staff, 









LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 























DIAPHRAGM-BELLOWS-SEAL 


Rolling Diaphragm Principle 
Underlies Many New Piston- 
Cylinder Designs 


Bellofram rolling diaphragms are not 
new, they originated back in 1946 in 
the design of air-operated control 
mechanisms where extremely constant 
area and low stiffness factors were 
critically important. Since that time, 
however, they have been reappearing 
as the underlying principle in new and 
unique designs for precision measure- 
ment and control and for frictionless 
power functions. One such design re- 
cently announced is the timing head 
for a pneumatic time delay relay de- 
scribed in Fig. 1. 

By definition a Bellofram rolling 
diaphragm (abbreviated—BRD) is a 
long stroke, deep convolution, constant 
area diaphragm that is free positioning 
with complete relaxation at any point 
in its stroke. 

It is responsive to very small pressure 
changes, has no mechanical spring 
gradient, no break-out friction effects, 
possesses very low hysteresis quali- 
ties, is capable of extremely long 
strokes, and yet has a long flex life. 
It performs in many instances both a 
bellows and a diaphragm function, 
hence the term “Bellofram”. 

The remarkably simple Bellofram 
principle can be easily understood by 
visualizing the action of the diaphragm 
in Fig. 2. 

The sidewall of a BRD is extremely 
thin. One side of the wall is supported 
by fabric overlay having high tensile 
strength, and excellent temperature 
stability, resulting in a highly flexible 
non-porous membrane. The specially 
constructed fabric overlay design per- 


* 
Class i Class 3 Class 4 
PLAIN BEAD BEADED FLANGE PLAIN FLANGE 
wm” fia h i Ncmial Vih me, SS 
Class ic Class 3C Class aC 


*tThe convolution of 


mits elongation circumferentially, of the 
diaphragm, but not axially. This 
characteristic prevents wear from scuf- 
fing as the diaphragm rolls from the 
piston onto the cylinder. The fabric 
overlay usually is Dacron, nylon, Teflon 
or glass, depending on the application. 
The other side of the diaphragm 
wall has an elastomer type synthetic 
rubber sealant such as, nitrile, silicone, 
or Viton-A, which can be compounded 
for compatability with practically all 
environmental gases or fluids. The side- 
wall width, including the fabric over- 
lay and elastomer sealant generally has 
a thickness ranging from 0.012 inches 
to 0.035 inches, depending upon the 
materials selected for the particular 
rolling diaphragm application. An illus- 
tration of a typical Bellofram rolling 
diaphragm is shown in Fig. 3. 





Fig. 3—Typical Bellofram rolling dia- 
phragm showing fabric overlay im- 
bedded in an elastomeric sealant ma- 
terial. 





Fig. 2—Operation of the Be'lofram rolling diaphragm. As the pressure in the 
loading chamber is increased, the piston will move downward causing the Bello- 
fram to roll off the piston side wall and onto the cylinder side wall with a smooth 
and continuous frictionless action. If the pressure is released in the loading cham- 
ber the spring will move the piston upward which, in turn, causes the Bellofram 


to roll off the cylinder side wall onto the piston side wall. 


Class 5 
EXTENDED BEADED FLANGE 


af fe. 
Class 5C 


these long stroke diaphragms is formed during installation, 


**® These small stroke diaphragms have their convolution perwanently molded during manufacture, 


Fig. 4—Various configurations of Bel'ofram rolling diaphragms. 
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FIGURE 1 

Pneumatic time delay relay, manu- 
factured by the Clark Controller Co., 
for panel board and control applica- 
tions, uses the unique Bellofram 
rolling diaphragm principle in the 
timing head. 

The type “PMT” pneumatic time 
delay relay consists of a compact 
timing head, a magnet and coil, and 
from one to four universal poles all 
on a mounting plate. All assembly 
operations, maintenance and wiring 
is accomplished from the front. 

The pole immediately to the left 
of the timing head is always a timed 
pole, being operated from the trip 
lever of the timing head. The pole 
immediately to the right of the tim- 
ing head may be either timed or in- 
stantaneous, depending on whether 
it is operated by the timing head, or 
directly from the magnet. Other 
poles are always instantaneous, This 
means that more circuits can be con- 
trolled hy a single relay. 

To minimize space requirements, 
Clark engineers mounted the _ tim- 
ing head directly above the magnet, 
occupying the space of two poles so 
that, a two-pole time delay relay 
would occupy the same panel area 
as a four-pole “PM” relay. The prob- 
lem was to design a timing head that 
would fit into this space, and still 
have the accuracy of competitive 
units. 

The timing head uses’ small- 
diameter Bellofram_ rolling dia- 
phragm with deep convolutions, rid- 
ing over a piston, so the action is 
like a piston in a cylinder. Respon- 








NEEDLE 
VALVE 


CHECK 
VALVE 


sive even to small pressure changes, 
the diaphragm has virtually no me- 
chanical spring gradient, and possess- 
es extreme'ty long stroke and flex- 
ing life. This design permits the 
Clark unit to displace a volume of 
air equal to that of competitive 
units, but within a smaller over-all 
space. The timing range provided 
by this device is adjustable from 0.2 
seconds to 3 minutes, and repetitive 
accuracy is plus or minus 10%, due 
in part to the low hysteresis char- 
acteristics of the frictionless dia- 
phragm. 

To meet underwriters’ require- 
ments, the seal had to be designed 
and manufactured so that it would 
be flexible and resilient through 
temperature ranges from —30F to 
+200 F. 

This particular relay is designed 
to provide “On-Delay” operation 
(time delay after energization) and 
“Of.-Delay” operation (time delay 
after deenergization). 

With “On-De'ay” operation the 
magnet assembly is mounted so the 
armature is above the stationary mag- 
net, and the side members of the re- 
set spring hold the bracket and rod 
assembly of the magnet in the raised 
position while the crossemember of 
the spring holds up the trip lever of 
the timing head. The bracket, in 
turn, holds the timing head piston 
(diaphragm seal and rod assembly 
in the diagram) up, so the dia- 
phragm spring is compressed, and 
the air is expelled from the cylinder 
through the check valve. 

When the coil is energized, the se- 
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RESET 


FILTER 


|APHRAGM 
SPRING 


DIAPHRAGM AND 
ROD ASSEMBLY 


TIMED 
(SHOWN AT THE END OF THE TIMING STROKE) 


quence of operation is as follows: 
the magnet armature is pulled down, 
operating the instantaneous contacts 
immediately. In the timing head, the 
diaphragm spring forces the piston 
and diaphragm seal downward at a 
controlled rate, determined by the 
amount of air allowed to pass 
through the adjustable orifice of the 
need‘e valve. As the piston nears the 
end of its downward stroke, the pis- 
ton rod trips the latch, releasing the 
trip lever and operating the timed 
contacts. When the coil is dener- 
gized, the timing head piston, timed 
poles, and the instantaneous poles 
are all reset instantaneously by the 
reset spring, and the relay is ready 
for the next operation. 

With “Off-Delay” operation the 
magnet assembly is mounted so the 
armature is be'ow the stationary 
magnet and with the reset spring 
immobilized, the upper contacts of 
each pole are normally closed and 
the lower contacts are normally 
opened (just opposite from the “On- 
Delay” condition). When the coil is 
energized, all poles both instanta- 
neous and timed, are operated im- 
mediately and the timing head pis- 
ton with its long stroke diaphragm 
is forced upward, compressing the 
diaphragm spring and expelling the 
air from the cylinder through the 
check valve. 

When the coil is denergized, the 
instantaneous contacts return to the 
normal condition immediately, while 
the timed poles are delayed by the 
action of the timing head. 

Circle 80 on Inquiry Card 











OCTOBER 1959 
















Pacific 
Potentiometers 






in the optimum package 


These new Daystrom Pacific products 
round out a complete line that offers to 
instrumentation, project, research and 
automation engineers the full benefits of 
reliability and flexibility. 


With these additions, the Daystrom Pacific 
potentiometer line now includes more than 
32 basic models with over 252 variations, 
exclusive of resistance values. Basic models 
for military and industrial use include: 
““SQUARETRIM’’ POTENTIOMETERS 
SUBMINIATURE MULTITURN POTENTIOMETERS 
HIGH TEMPERATURE POTENTIOMETERS 
GANGABLE POTENTIOMETERS 
LOW-COST, MULTIPOT® POTENTIOMETERS 


Users of Daystrom Pacific products obtain 
the many benefits of a single source for all 
potentiometers. Among them is the 
convenience of an unusually effective and 
helpful field service and technical liaison 
organization. 


For further information contact the representative 
in your area or the factory direct. Ask for Data 


File EM D-576-2. 
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Patents Pending or applied for 


D STROM PACIFIC 


a a division of DAYSTROM, INC. 
9320 LINCOLN BOULEVARD 
LOS ANGELES 45, CALIFORNIA 


in Canada: Export: 
DAYSTROM LTD. 
840 Caledonia Rd. 


100 Empire Street 
Toronto 10, Ontario t 


Newark 12, New Jersey 
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Fig. 5—In its construction, the Bello- 
fram rol ing diaphragm consists of an 
elastomeric material in which are im- 
bedded high tenacity pressure cords of 
modern fabric. Major part of the pres- 
sure load is supported by the central 
piston. The only area of the diaphragm 
not supported by the piston or cylinder 
wall is the narrow convolution, sub- 
jected to stresses which approximate 
only a fraction of the load-capacity of 
the fabric. 


To clamp or attach the “BRD” to 
the cylinder sidewall, flanges, beads or 
flange-bead combinations are molded 
as an integral part of the diaphragm. 
These various combinations, identified 
as classes, are illustrated in Fig. 4. 

Because of the unique design and 
patented molding procedures the Bello- 
fram Corp., Burlington, Mass. is able 
to provide rolling diaphragms that are 
compatible with working pressures from 
1 inch of water to 500 psi, and up to 
1000 psi in some cases. High working 
pressures such as these can be applied 
to the “BRD” because load or force is 
supported by the piston head, as indi- 
cated by Fig. 5. The only portion of 
the “BRD” not supported is within the 
convolution formed by the diaphragm 
as it rolls from sidewall to sidewall 
under pressure differential. Hence the 
resulting force of the working pressure 
applied to the small convolution area 
is only a fraction of the total resulting 
force of the working pressure applied 
to the total effective pressure area of 
the piston—cylinder device. 

As mentioned above, one advantage 
of the “BRD” is that it makes possible 
an extremely long stroke or travel in 
small diameter configurations. For ex- 
ample, a “BRD” of 1 inch bore is 


| capable of providing a stroke of 1% 


inches. A 4 inch diameter “BRD” can 
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Fig. 6—Typical applications of Bellofram seals. These drawings suggest a few of 
the many practical! applications of Bellofram seals—in such devices as regulating 
valves, pressure switches, remote positioners, balanced valves, snubbers, etc., in 
fact, in almost any piston-cylinder installation for precision measurement or fric- 


tionless power. 


provide a stroke of almost 7 inches, 
and a 6 inch diameter bore can pro- 
vide a total stroke of 10% inches. 

Because of their inherent friction- 
less characteristics, BRD’s are often 
substituted for cup packings, O rings, 
and other conventional sealing means 
—particularly in cases where “break- 
out” friction effects cannot be tolerated. 

In addition, Bellofram seals may be 
applied to applications involving work- 
ing temperatures from —85F to +550F, 
and in some cases from —120F up to 
+T700F. 

Another of the inherent features is 
its long flex life—millions of cycles in 
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some cases. 

Finally, depending upon particular 
conditions, “BRD’s” eliminate the need 
for precision machining of mating sur- 
faces, and in many cases eliminate the 
need for piston guides or piston rod 
bearings. This simplicity in design is of 
great importance where cost reduction 
is a paramount consideration. 

This new diaphragm development 
now provides greater design freedom 
for commercial and military applica- 
tions in the field of pneumatic and 
hydraulic devices, such as are illus- 
trated in Fig. 6. 

Circle No. 79 on Inquiry Card 








BUILDING BLOCKS 
FROM KEARFOTT 


20 Second 
Synchro 


This synchro, just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today’s data trans- 
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By proper impedance 
matches, up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter. 


TYPICAL 


CHARACTERISTICS SIZE 25 


Control 
Transmitter Transformer 


Z5161-001 25151-003 


Type Resolver 
Part Number 


Excit. Volts 
(Max.) 


Frequency (cps) 
Primary imped. 


115 90 
400 400 
400/80° 8500/80° 
Secondary Imped. 260/80° 14000/80° 

Transform. Ratio -7826 1.278 
Max. Error fr. £.Z, 20 seconds 20 seconds 
Primary Rotor Stator 


Write for complete data, 





a 
GENERAL 


PRECISION 
COMPANY 


Kearfou 











KEARFOTT COMPANY, INC., LITTLE FALLS, WN. J. 
A subsidiary of General Precision Eq t Corporati 
Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 

Midwest Office: 23 W. Calendar Ave., La Grange, Ill. 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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THIN-SECTION 
INSTRUMENT 
BALL BEARINGS 





me 


PRECISION AND ULTRA-PRECISION GRADES 


TYPE TWF WITH INTEGRAL SHIELDS 


A thin-section radial ball bearing with integral 
shields on both sides. Deep groove ball races with 
continuous shoulders, uninterrupted by filling slots. 
Maximum radial and thrust capacity possible in a 
radial ball bearing of its dimensions. The close- 
clearance annulus between shields and inner ring 
fills with lubricant and functions as an effective 
seal without the objectionable torque found with 
contact seals. This design in a precision instrument 
bearing is possible only with the Split Ballbearing 
method of construction. Also made in type TWA 
with alternate balls slightly undersize, for lower 
torque applications. 


Balls and rings are 52100 high chrome alloy 
bearing steel. Also available in 440 C stainless. 


























t NI 
number| “2 | ‘2 | Ws|We| Balls jwt| iL | 's 
bore 0.d. +.000 | +.000 | no. | size | Ibs. Ibs. Ibs. 
-.005 | —.005 

TWF 10-17 6250 | 1.0625 | .250 | 281 | 24 | 7/64 | .042| 276 500 
TWF 12-19 | .7500 | 1.1875 | 250 | .281 | 24 | 1/8 |.047| 354 650 
TWF 14-21 | 8750 | 1.3125 | .250 | .281 | 27 | 1/8 |.052| 375 730 
TWF 17-24 | 1.0625 | 1.5000 | .250 | .281 | 32 | 1/8 | .06 435 870 
TWF 21-28 | 1.3125 | 1.7500 | .250 | .281 | 38 | 1/8 | .07 440 | 1030 
TWF 25-32 | 1.5625 | 2.0000 | .250 | .281 | 44 | 1/8 | .08 470 | 1200 
TwF 29-36 | 18125 | 2.2500 | .250 | 281 | 50 | 1/8 |.09 490 | 1360 
TWF 33-42 | 2.0625 | 2.6250 | 250 | .281 | 58 | 1/8 |.14 520 | 1580 
TWF 37-46 | 2.3125 | 2.8750 | 250 | 281 | 64 | 1/8 | .16 545 | 1740 
TWF 41-52 | 2.5625 | 3.2500 | 312 | 375 | 48 | 3/16|.24 | 1010 | 2900 
TWF 45-56 | 2.8125 | 3.5000 | 312 | .375 | 52 | 3/16|.28 | 1040 | 3150 
TWF 49-62 | 3.0625 | 3.8750 | 312 | 375 | 58 | 3/16|.32 | 1100 | 3500 











Dimensions are in inches. Radius “r” will clear .015” shaft or housing fillet. “Tolerances vary 
according to size — see catalog 59 for Precision Grade and Ultra-Precision Grade Tolerances 
tRadial load capacity at 500 rpm and 2500 hours average life. §Static non-brinell load capacity. 


send for new 
catalog 59 


Split’s catalog 59 provides 
complete coverage on the 
complete T series of thin-section 
precision instrument ball bearings. 
No designer should be without it. 


WRITE FOR YOUR COPY TODAY. 


C9) split ballbearing 


A DIVISION OF MPB, INC. 
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COMPONENTS DESIGN 


AIR DENSITY SWITCHES 


Monitoring Artificial Atmospheres 
In Aircraft and Missile Systems 





The gas density switch, allied in 
function to the absolute air pres- 
sure switch, contributes new solu- 
tions to problems of arc-over and 
heat dissipation over wide tem- 
perature ranges. This newly devel- 
oped component has served suc- 
cessfully in numerous military elec- 
tro-mechanical systems. 











Engineers designing equipment for air- 
craft and missiles find themselves con- 
tending more and more with problems 
introduced by the increasingly high 
altitudes, high voltages and high heat 
dissipation at which their product or 
system must operate effectively. Allied 
to these difficulties is the critical prob- 
lem of designing to overcome increased 
forces of shock and vibration. 

In discussing these problems, Mr. 
B. A. Hicks, President of Newark 
Controls Co., Bloomfield, N. J., points 
out that high altitudes mean low air 
pressure, or no air-pressure in the case 
of satellites. As a result, he says, the 
problem of high temperature and of 


' electrical arc-over within electrome- 


chanical assemblies in military systems 
are multiplied by a large factor. A 
solution to both problems, he says, has 
been the employment of artificial en- 
vironments within closed volumes. To- 
day, according to Mr. Hicks, the most 
common of these “atmospheres” em- 
ploy dry air, nitrogen, sulfur hexa- 
fluoride, the fluorochemicals or com- 
bination of these, each with its own 
characteristics, to provide insulation 
and heat dissination. 

But, Mr. Hicks warns, where an 
artificial atmosphere is to be main- 
tained within a closed volume, gas 
leakage may be anticipated in such 
apparatus over an extended period of 





Fig. 1—The SN-88 gas density switch 
shown, at actual size, is in use in a 
variety of applications for monitoring 
artificial atmospheres. 
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Fig. 2—Schematic drawing (not to scale) showing the gas density switch posi- 
tioned externally to the enclosed assembly containing the gas to be monitored, 
with the pressure part inserted and sealed in the chamber. Frequently the entire 
swich is mountd inside the enclosed assembly. 


time; some monitoring device is re- 
quired to signal this leakage. 

The only constant factor in the in- 
stance of gaseous artificial atmospheres 
in enclosed assemblies, Mr. Hicks says, 
is the density of the gas in terms of 
molecules per unit ‘ean. Some means 
is required to sense, or monitor, the 
density of the gas with a high degree 
of accuracy despite variations in other 
conditions. That is, the monitoring de- 
vice must sense the number of mol- 
ecules per unit volume; it may be re- 
garded, in such case, as sensing the 
weight per unit volume. The required 
signalling device must indicate leakage 
at a pressure value that varies with 
temperature. 

An absolute air pressure switch, Mr. 
Hicks points out, gives an indication at 
the same specified pressure over the en- 
tire temperature range. Therefore it is 
not suited to indicating changes in 
quantity, or total weight, of artificial 
atmospheres whose pressure varies with 
temperatures. From this limitation, the 
requirement for a gas density switch 
evolved. 


THE GAS DENSITY SWITCH 


Newark Controls Company of Bloom- 
field, New Jersey, solved the problem 
of monitoring the density of gases with- 
in closed volumes with a unique bel- 
lows type switch (Figs. 1, 2). A ref- 
erence density is sealed within the 
bellows, and the exterior of the bellows 
is exposed to the gas in the chamber to 
be monitored. The bellow’s internal 
pressure then follows the external pres- 
sure; when the external pressure falls 
below the reference pressure, the switch 
signals this drop. In the event of leakage 
from the chamber the bellows extends 
far enough to actuate an electrical 
snap-action switch. The switch must be 
at the same temperature as the gas 
being sensed. Newark Controls special- 
ly designs, fabricates and tests its own 
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electrical switch to provide the uni- 
formity and reliability required for 
these applications. Such electrical 
switches, they say, are not generally 
available. 

After developing the basic technique 
of sensing molecular densities and en- 
gineering a device that could properly 
react within the selected environment, 
Newark Controls had to solve three 
major problems in designing these 
components for airborne applications: 
materials to withstand temperature ef- 
fects; limitations of size and weight; 
influence of shock and vibration. 

@ Thermal effects on the structure 
of the unit: The temperatures which 
vary the pressure also effect the mate- 
rials of the switch; for example, by 
causing the metals to expand and con- 
tract and changing the spring constant 
of these materials. The selection of 
metals that would counteract or equal- 
ize such effects was a major design 
problem. Depending upon the tempera- 
ture range of operation, these materials 
are selected from the copper base, 
stainless steel, or heat resisting nickel 
alloys. 

@ Size and Weight limitations: 
Available space and allowable weight 
in airborne applications are rigidly 
limited. Newark Controls has suc- 
ceeded in producing units which weigh 
two (2) ounces, are 2-1/32” in length 
and 1-5/32” in diameter. Other spec- 
ifications are that the unit be her- 
metically sealed and that insulation 
resistance be a minimum of 10,000 
megohms at 500 VDC. The electrical 
rating is 5 amps at 28 VDC, 110 VAC, 
resistive loading. 

@ Shock and _ Vibration: The 
switches must function under extreme 
conditions of vibration and shock in 
excess of those required in standard 
government specifications. Experience 


gained in producing absolute air pres- | 


sure switches which withstand shock 
and vibration, at critical pressures as 
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BUILDING BLOCKS 
FROM KEARFOTT 


Analog- 
to-Digital 
Converters 


Kearfott’s rugged shaft 
position-to-digital convert- 
ers are resistant to high 
shock and vibration and 
high and low temperature 
environments. Ideally 
suited for missile applica- 
tions, these converters are 
available for many uses, 
including latitude, longi- 
tude, azimuth or con- 
ventional angular shaft 
displacement conversion 
and decimal count conver- 
sion. Exclusive drum 
design provides large con- 
version capacity in smallest 
size. Combination counter 
converter assemblies for 
both visual and electrical 
readout also available. 


TYPICAL 
CHARACTERISTICS 


Kearfott Unit No. ...... P1241-11A 
Cod Cyclic Binary 
g 0-32,768 (2'*) 
Bits per Revolution 16 
Revolutions for Total Range 


LSI. 10.5 
RI oo voriccctecocectensnie 2 
Inertia (gm. cm.) 
Unit Diameter (in.) 00.00... ihe 
Unit Length (in.) 02. 
Life 10° Revolutions or 10° mae 
Static Torque (in.-oz.) .. 2 (break) 
1 (running) 
ee ON dene 5 
Maximum Speed (RPM) 600 
Write for new ADAC 
brochure. 
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| KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


A subsidiary of General Precision Equipment Corporation 
Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J 
Midwest Office: 23 W. Calendar Ave., La Grange, III. 
South Central Office: 6211 Denton Drive, Dallas, Texos 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif 
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Model: 50 60 70 
Type: Germanium Germanium Silicon 
Temperature Range: | —55° C, to +85° C| —55° C to +90°C | —55° C to 

+130° C 
Sq. Wave Drive Volt.:| 1 to 10v. p-p 1 to 15 v. p-p 5 to 20 v. p-p 
DC Input Voltage: to 12 v to 15 v to 20 v 
Chopping Freq.: DC to 100 kcps DC to 100 kcps DC to 200 kcps 
Alpha Cutoff Freq.: | 900 kilocycles One megacycle 5 megacycles 
Temperature Drift: | .04% per °C 02% per °C 03% per °C 
Random Noise: 25uv rms 10uv rms 50uv rms 
Weight: 3 grams 1 gram 2 grams 
DESCRIPTION 


The transistor chopper (or modulator) is a solidly encapsuled unit designed to alter- 
nately connect and disconnect a load from a signal source. It may also be used as a 
demodulator to convert an a.c. signal to d.c. It is capable of linearly switching or 
chopping voltages over a wide dynamic range which extends down to a fraction of a 
millivolt and up to 10 volts. Unlike mechanical choppers which can only be designed 
to operate over a narrow and comparatively low frequency range due to mechanical 
limitations, this transistorized chopper is an inertialess device that can be driven from 
d.c. to hundreds of kilocycles. 

The switching circuitry used operates the transistors in a manner which provides 
stability and freedom from drift over a wide temperature range. Only carefully selected 
transistors are utilized. 

The noise figure of the transistor chopper is competitive with mechanical choppers for 
many uses. Furthermore, the noise level will not increase with usage. 

This unit is practically immune to the effects of shock and vibration making it ideal 
for military, missile, and portable applications; or where power conservation, miniaturi- 
zation and elimination or maintenance are a necessity. The transistor chopper has an 
inherently long life and is not subject to contact bounce, wear, pitting or burning. 





TYPICAL APPLICATIONS 


Chopper (modulator). 

Demodulator. 

Low, medium level switching. 

D.C. amplifier stabilization. 

High speed servomechanisms. 

Replace less sensitive diode modulators. 
Thermocouple instrumentation. 

Low, medium level D.C. instruments. 


Low level commutators for telemetering. 
Carrier for lower frequency signals. 
Digital meters. 

Portable equipment. 

Low power source equipment. 

Minimum maintenance equipment. 
Multiplex switching equipment. 
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COMPONENTS DESIGN 


well as at ground level, was carried 
over to the design of gas density 
switches. 

In this regard, Mr. Hicks says, too 
little attention has been given to the 
problems of shock and vibration at 
high altitudes. He warns that many 
switches, both gas and thermal, which 
exhibit excellent performance charac- 
teristics under shock and vibration tests 
at sea level, do not necessarily perform 
satisfactorily under the critical pres- 
sures at which they will be used in air- 
borne applications. 


USES OF THE GAS DENSITY SWITCH 


The sub-miniature gas density switch 
is in use today in a number of applica- 
tions, principally in aircraft and missiles 
for protection of personnel and equip- 
ment. In addition to its function of sig- 
nalling a critical density value, the 
switch may also be used to activate 
control circuits or systems; for ex- 
ample, it may open a valve or start 
a pump. As one example, the Boeing 
707 uses a gas density switch (RM- 
73) to monitor the nitrogen atmos- 
phere around the high voltages in 
an enclosed communication antenna 
coupler, where high voltages may 
arc-over in the rarified upper atmos- 
pheres. In some missiles employing 
sealed-in artificial atmospheres, the 
gas density switch triggers a teleme- 
tering signal back to earth if this 
atmosphere is lost due to leakage. 
Other applications include vibrating 
or moving machinery, power tubes, 
coaxial transmission lines, wave 
guides, x-ray equipment and packaged 
electronic equipment. Examples of 
two of the gas density switch series 
will illustrate their performance char- 
acteristics. 

The RM-73, the first gas density 


switch, is designed to monitor, at 
25 


% 20 

& IS 

” 

¥'° 

5 

-80 -40 0 40 80 120 160 200 °F 
TEMPERATURE 


Fig. 3—Typical pressure-temperature 
line of RM-73 gas density switch. Solid 
line shows actuation pressures as they 
vary over the temperature range. Dotted 
line, by contrast, represents. perform- 
ance of an abso'ute pressure switch, 
which actuates at the same pressure 
throughout the temperature range. 
These switches are set to indicate a gas 
density or a pressure typical of those 


at sea level (14.7 PSI) at 75F. 
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Fig. 4—The various models of the SN-88 gas density switch actuate along, or 
parallel to, any pressure-temperature line from .0026 to .0038 Ib.-mols/cu. ft. (or 
from .028 to .041 PSIA/° Rankine). Specification of any two points on the re- 
quired operating line is sufficient to indicate to the designer the specific actuating 


requirements of a desired switch. 


high altitudes, concentrations typical of 
sea level at 75F. The typical pressure- 
temperature line for this switch is 
shown in Fig. 3. This unit is designed 
to operate on a _ pressure-temperature 
line the same as, or parallel to, the 
pressure-temperature line of .0275 
PSIA/° Rankine (.0495 PSIA/° Kel- 
vin); or on a_ pressure-temperature 
line the same as, or parallel to, the 
pressure-temperature line of a gas hav- 
ing a density of .00256 lb-mols/cu. ft. 
(.041 gram-mols/liter). The switches 
can be made to operate along the line 
or parallel to the line with an accuracy 
of +0.8 PSI over the temperature 
range —85F to +200F. Operation of 
the switch along a parallel line pro- 
vides a safety margin in applications 
where this is required. The character- 
istics are linear through the intended 
operating range. 

The SN-88 series of gas density 
switches actuate along, or parallel to, 
any pressure-temperature line from 
.028 to .041 PSIA/° Rankine or .0026 
to .0038 Ib-mols/cu. ft. — as shown in 
Figure 4. The accuracy of the actua- 


. tion point for this class of switches is 


also + 0.8 PSI over the temperature 
range —85F to +200F. The differen- 
tial between the actuation and deactua- 
tion pressure is 2 PSI. This switch is 
employed, among other uses, to moni- 
tor atmospheres in a weapon system 
while in storage. 

The RM-76, developed for use in 
the B-58 bomber, is a further develop- 
ment of the SN-88, the differences 
being its smaller size and operability 
at temperatures up to 400F (as op- 
posed to 200F). 
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ARC-OVER AND HEAT DISSIPATION 


The following comments by Mr. Hicks 
on use of artificial atmospheres in prob- 
lems of arc-over and heat dissipation 
may be useful to engineers new to 
problems of designing equipment for 
high altitudes. 

With the use of gas as an insulator, 
a potential gradient exists in the gas 
between two electrodes — a function 
of both voltage and distance. When 
the potential gradient exceeds a criti- 
cal value, arcing occurs between the 
electrodes. Electrons traveling in this 
high electric field collide against gas 
molecules and cause excitation and 
ionization of the gas molecules. This 
breakdown voltage is further a func- 
tion of the particular gas and its con- 
centration (which, itself, is a resultant 
of pressure temperature conditions), 
and of the configuration and material 
of the electrodes. The path of the elec- 
tron flow can be interrupted by a 
density sufficient to prevent an electron 
from gaining enough energy in the 
short distance between molecules to 
break up the gas molecules with which 
it collides. At the other extreme of 
very low density there are not enough 
molecules with which the electrons may 
collide, and consequently no avalanche 
effect occurs. As gas density is de- 
creased from, say, that at standard 
temperature and pressure, the break- 
down voltage decreases almost linearly 
for a time, reaches a minimum value 
and then rises again as the density is 
decreased further. 

For many applications air and nitro- 
gen are suitable gases as insulators and 


heat dissipators. However, sulfur hexa- | 
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Integrating 
Tachometers 


Kearfott integrating ta- 
chometers, special types of 
rate generators, are almost 
invariably provided inte- 
grally coupled to a motor. 
They feature tachometer 
generators of high output- 
to-null ratio and are tem- 
perature stabilized or 
compensated for highest 
accuracy integration and 
rate computation. Linear- 
ity of these compact, light- 
weight tachometers ranges 
as low as .01% and is usu- 
ally better than + .1%. 


TYPICAL 
CHARACTERISTICS 


Size 11 

(R860) 

Excitation Voltage (400 cps) 115 
Volts at 0 rpm (RMS) .......... .020 
Volts at 1000 rpm (RMS) .... 2.75 
Phase shift at 3600 rpm... 0° 
Linearity at 0-3600 rpm .... .07 
Operating Temperature 
Range — 54° +125° 


Write for complete data. 








A 
GENERAL 


PRECISION 
COMPANY 


Kearfott 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
A subsidiary of General Precision Equipment Corporation 
Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 

Midwest Office: 23 W. Calendor Ave., La Grange, !/!. 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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Industrial 


SWITCHES 


Military 





What do you want a switch to do? 


How you want to use a switch is 
what really counts with Pollak. 


Pollak makes all kinds of top quality 
switches from the custom-built 
Push-Pull, Rotary Selector, and 
Miniature types shown above to 
heavy duty switches particularly 
designed for use on military and in- 
dustrial equipment. 


Write us about your 
Switching Requirements 


Quality Since 1909 


JOSEPH POLLAK CORP. 


' 


Freeport Stree 


22. Mas: 


75-95 


Boston 
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fluoride and the fluorochemicals have 
superior qualities in this respect. The 
former liquefies at —62C at normal sea 
level pressure of 14.7 PSIA, the more 
commonly used fluorochemicals at tem- 
peratures above 50C. As gases they 
are superior because of their large 
molecular structure and other specific 
characteristics. The relatively large col- 
lision cross-section of these molecules 
extracts energy from free electrons in 
the field, and these molecules have a 
tendency to attach electrons and form 
impotent negative ions. Like other 
gases at higher deasity, their large 
molecules act as a screen. 

In addition to insulating character- 
istics, the selection of the gas used 
depends on other qualities. The pro- 
ducers of these gases have considerable 
information available on their use as 
insulators and heat dissipators. The 
gas must, of course, be non-explosive 
and non-inflammable. Further, it must 
not decompose under breakdown volt- 
ages or high temperatures into either 
toxic or corrosive chemicals. 

Under continuous arcing, as with 
rotary switches or brushes, sulfur hexa- 
fluoride breaks down into lower val- 
ence fluorides of sulfur, and does not 
regain its original identity. On the 
other hand, the fluorochemicals char- 
acteristically recombine. 

Also the temperature at which lique- 
faction occurs may be a factor in the 
selection of gas used. SFs remains a 
gas at low temperatures — the boiling 
point or condensation temperature be- 
ing —62C at normal sea level pressure 
of 14.7 PSI. The fluorochemicals are 
normally liquid. One of the most com- 
monly known of these is a completely 
fluorinated cyclic ether manufactured 
by Minnesota Mining and Manufactur- 
ing Co., under the name FC-75. It 
boils at sea level pressures at about 


100C. 


Circle No. 78 on Inquiry Card 





Graphic Level Recorder 


Transistorized, high-writing speed, 20 
cps-200 ke graphic level recorder, with 
a variety of uses, records the rms mag- 
nitude of an ac voltage rather than the 
instantaneous value, and can plot the 
output of an ac device as a function 
either of time or some other parameter 
that can be made time dependent, such 
as frequency. Null-seeking servomech- 
anism serves to position a logarithmic 
potentiometer and a pen to produce an 
ink trace on rectilinear paper. Max- 
imum writing speed is adjustable up to 
20 inches per second, which corre- 


sponds to 400 db per second permitting 
measurement of reverberation time as 
short as 0.5 second; Paper speeds: 2.5 
in/min, 7.5 in/min, 25 in/min and 75 
in/min, with an accessory these speeds 
can be reduced by a factor of 60. In- 
put range of the device is 0 to 40 db 
for level recording and 0-0.8 volt (at 
1000 ohms), full scale, for de record- 
ing with zero input position adjustable 
over full scale. Potentiometer balances 
within 0.5% of full scale. Maximum 
sensitivity is 1 millivolt at 0 db for level 
recording; 0.8 volt, full scale, for de 
recording. General Radio Co., West 
Concord, Mass. 
Circle No. 144 on Inquiry Card 








Pedestal For Scanning 
And Tracking Systems 


New pedestal unit that incorporates 
advanced servo design techniques 
can be used in a variety of ap- 


plications requiring a_ highly-di- 
rectional, automatic or manual, 
tracking antenna system for the 


transmission and/or reception of 
data signals to or from distant mov- 
ing airborne or surface targets. Un- 
usual accuracy is achieved by the 
push-pull arrangement of clutch- 
type servos which provide control 
circuits with high natural frequen- 
cies, high accelerations, and speeds 
of response that are virtually in- 
stantaneous. The _hystersis-effect 
clutches completely eliminate wear 
and the double gear train arrange- 
ments does away with all backlash. 
Specifications for the pedestal unit 
used in balloon tracking include: 
position resolution of .01° or less; 
30° per minute maximum speed of 
automatic tracking; maximum slew- 
ing speed of 1 revolution per min- 
ute; and an acceleration of 72° per 
minute. Servo Corp. of America, 
New Hyde Park, New York. 
Circle No. 203 on Inquiry Card 
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Floated Rate 
Integrating Gyros 


Specifically designed for 
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missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their , 
outstanding accuracy and Eh ectr ohy dr aul IC 
performance make them su- Se rvo Va / ve 
perior to any comparably- 
1 sized units on the market. Kearfott’s unique approach 
Data Log ging Hermetically sealed within to sdusaubiaitadieahe- feed- 
a thermal jacket, these gy- back amplification design 
Kearfott’s broad line of ros are ruggedly designed has resulted in a high- 
test equipment includes the and completely adaptable performance miniature 
Scanalog 200-Scan Alarm to production methods. Per- servo valve with just two 
Logging System which formance characteristics moving parts. Ideally 
monitors, logs and per- that are even more precise suited to missile, aircraft 
forms an alarm function of can be provided within the and industrial applications, 
‘pial up to 200 separate temper- same dimensions. these anti-clogging, 
oe ature, pressure, liquid level TYPICAL 2-stage, 4-way selector 
or flow transmitters. This CHARACTERISTICS valves provide high fre- 
precise data handling sys- Mass Unbalance: quency response an d 
tem is equipped with man- Along Input Axis: 1.0°/ hr proved reliability even 
ual controls for scanning maximum untrimmed with highly contaminated 
porates rates, automatic or manual Standard Deviation (short term): fluids and under conditions 
niques logging, data input relat- Azimuth Position: 0.05° /hr of extreme temperature. 
of ap- ing to operator, time, day Vertical Position: 0.03° /hr ove 
y ’ ’ ’ . H bas ICAL 
thly-di- run number and type of — am erated bea ee 
nanual, run. 200 numbered lights O Bas oa 2 gens 
or on fi a /hr./g?_ maximum Quiescent Flow 
hn ae correspond to specific Vibratory Acceleration: Hysteresis ...3% of rated current 
» al points being maintained .008°/hr./g?_ maximum Frequency Response 
be thes and provide a visual “off Damping: 3 db @ 100 cps 
by normal display for opera- Ratio of input angle to Supply pressure....500 to 3000 psi 
pt Ps. tor’s warning. System can output angle is 0.2 Temperature-Fluid & Ambient 
; 1 be expanded to 1024 points Characteristic Time: — 65°F to +275°F 
contro capacity and 2000 points .0035 seconds or less Flow Rate Range .... .3 to 10 gpm 
i ese per second scanning rate. Weight: 0.7 Ibs. 10.5 ounces 
iy in is aieehis toem:~00°F 
L ‘ : minutes from —60° . 
is-effect ee eee Life: 1000 hours minimum ee ee 
e wear 
rrange- 
icklash. 
al unit # 
nclude: 6 ames 
vee ‘a Digits 20 Second . Integrator Kearfott PRECISION 
n slew- Converter Synchro J Tachometer COMPANY 
er min- KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
pe per A subsidiary of General Precision Equipment Corporation 
merica, , . 3 st: ; Sales ond Engineering Offices: 1500 Main Ave., Clifton, N. J 
Engineers: Kearfott offers challenging opportunities in Soc Cunmeat Gillon. ANSE Getoen tee, Oates tenes 
advanced component and system development. West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
ON DATA LOGGING ON INTEGRATING GYROS ON SERVO VALVES 
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COMPONENTS DESIGN 


SPRING DRIVEN GYRO 


Missile Roll Reference for $150 


In design and development of a gyro 
for roll stabilization of a short-time- 
of-flight anti-tank missile, Engineers 
at Waltham Precision Instrument Co. in 
Waltham, Mass., were faced with an 
imposing requirement: total cost of the 
missile was to be under $10U0, which 
according to Waltham’s estimates meant 
the gyro could not cost more than $150. 
The major performance requirements 
were: starting time to be less than one- 
half second, and drift about the roll 
axis to be less than one degree for the 
first minute. 

lo achieve these requirements with- 
in the price limitation meant searching 
out the simplest possible design and 
careful cost estimates. A total ot 4-man 
days was spent in estimating and par- 
ing down the cost .before the design 
proposal was finalized. Some design 
decisions influenced mainly by cost 
were described by Andrew Bayle, 
WPIC’s Vice-president and Director of 
Engineering. 
e A spring was chosen as the driv- 
ing power for the gyro rotor. Rather 
than use a conventional flat coil spring 
which would involve expensive prob- 
lems of clutching and declutching, 
Waltham chose a helical coil spring 
with bevel-gear-mesh drive from the 
spring to the rotor. The bevel gear at- 
tached to the spring is an inexpensive 
sector gear which engages a mating gear 
on the rotor when the spring is wound. 
When the spring is released, the sector 
gear drives the rotor gear and then con- 
tinues to a position completely clear 
of the rotor gear. A rubber bumper 
absorbs the remaining spring energy. 
e Power for temperature control was 
not available. The designers recognized 
therefore that the effects of temperature 
on performance would have to be 
controlled by careful choice of mate- 
rials and attention to differential ex- 
pansion which might result in weight 
shift. 
e A caging mechanism was not ne- 
cessary. Requirements allowed simply 
gathering and pinning the gimbals into 
caged position by hand. 
e Hermetic sealing was unnecessary. 
Since the anti-tank missile for which 
the gyro was being designed would 
operate near ground level, a_ seal 
against effects of altitude changes was 
not required. A dust seal and the pro- 
tection of the missile housing was con- 
sidered sufficient. 
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Fig. 1. Two-degree-of-freedom spring 
driven gyro with cover removed. The 
spring which provides the energy for 
the rotor is a helical coil spring rotated 
approximately 90 degrees, and held in 
the wound position by means of a rat- 
chet and pawl. The pawl is released by 
applying a 28 volt d-c voltage to a fuse 


e Low cost fabrication techniques 
were required, such as slicing alumin- 
um extrusions to make the gimbals. 


OPERATING CHARACTERISTICS 


The gyro is a two-degree-of-freedom 
instrument with the spin axis along the 
pitch axis of the missile, the outer 
gimbal axis along the roll axis, and 
the inner gimbal axis along the yaw 
axis. Since the gyro is designed for 
short time-of-flight, it does not need 
nor have an erection system. In use, 
the gyro is caged before take-off or 
launching, and the starting signal re- 
leases the spring, which energizes the 
rotor. When the rotor is up to speed, 
the gyro uncages and acts as a free gyro 
during flight. A potentiometer pick-off 
about the outer gimbal axis indicates 
angle of roll. During the brief time re- 
quired to activate the gyro, the rotor 
reaches a speed of approximately 7000 
RPM. It then coasts over a period of 
several minutes during the flight of 
the missile. Effective angular momen- 
tum of the gyro rotor is maintained for 
a period of up to three minutes after 
firing. For the first minute of opera- 
tion, the gyro drift about the roll axis 
is less than one degree. 

The caging system used for the gyro 
is extremely simple. A pin attached to 
the inner gimbal is constrained by a 





wire. The fuse wire controls a linkage 
which acts on the pawl by means of a 
small helical coil spring held in com- 
pression until the fuse blows. Spring 
constant of the main spring is 3.25 
inch-pounds per degree. When it is fully 
wound the spring stores 292 inch- 
pounds of energy. 


lever with a hole that fits over the pin 
when the gyro is caged. This arrange- 
ment effectively prevents motion of 
either the outer or inner gimbal. The 
caging lever is held in place by means 
of a fuse wire. When the wire 
blows, a small spring releases the cag- 
ing lever so that it becomes disen- 
gaged from the pin. To make sure the 
gyro does not uncage until the sector 
is clear of the rotor, the uncaging 
fuse wire is energized through a switch 
actuated by the sector gear as it 
strikes the bumper. 

The potentiometer is simply a re- 
sistance wire card attached to a cylin- 
drical section of the outer gimbal and 
a wiper fixed to the frame of the gyro. 
Electrical connections are made to the 
ends of the potentiometer winding by 
means of pigtail wires. 


DESIGN DECISIONS 


In discussing the design of the gyro, 
Mr. Bayle emphasized several consid- 
erations peculiar to design of a spring 
driven gyro: size of rotor to be used, 
design of the rotor energizing spring, 
gear ratio to be used between spring 
and rotor, and maximizing the energy 
transfer between spring and rotor. 
Since the size and weight of the gyro 
were specified, the first decision to 
be made was the size of the spring. 
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The designers allocated approximately 
one-half the total volume to the spring 
and the remainder to the rotor and 
gimbal assembly. A larger spring, with 
resulting lower-inertia rotor, would not 
provide sufficient gyro performance be- 
cause friction and windage would limit 
top speed of the rotor. A smaller spring, 
although it would allow a larger rotor 
inertia, would not achieve sufficient 
initial speed to maintain gyro perform- 
ance over the time specified. 

Space available for rotor and gim- 
bals permitted a rotor with a moment of 
inertia of approximately 600 gram-cm?. 
The maximum-energy spring in the 
space available was found to be a heli- 
cal coil spring with a spring constant 
of 3.25 inch-pounds per degree. 

Theoretical considerations of gear 
ratio and energy transfer entered into 
optimization of the design. Ideally all 
potential energy in the wound spring 
would be converted into kinetic energy 
of the spinning rotor. In practice, 
energy is lost in the transfer in three 
principal ways: 

(1) Energy required to accelerate 

the spring and sector gear. 

(2) Energy lost in friction and wind- 
age during the acceleration 
period. 

(3) Energy remaining in the spring 
after the sector gear has become 
disengaged from the rotor. 

It is convenient to think of the 
spring-rotor system as a simple spring- 
mass rotational system, Mr. Bayle point- 
ed out. Such a system will oscillate at 
a frequency determined by the spring 
constant and the moment of inertia of 
the system. Waltham, of course, was 
interested in something less than one 
quarter of one period of oscillation. 
Because they use a sector on the spring 
rather than a full gear, the system 
does not oscillate. 

The proportion of energy required to 
accelerate the spring and sector gear 
depends on the moment of inertia of 
these elements, the moment of inertia 
of the rotor, and the gear ratio be- 
tween spring and rotor. If the gear 
ratio is high (step-up from spring to 
rotor) the proportion of energy re- 
quired to accelerate the spring and 
sector gear will be negligible. On the 
other hand, mechanical design consid- 
erations make it difficult to use a high 
gear ratio. In the Waltham gyro the 
ratio is 3:1, which reduces the energy 
loss in accelerating spring and sector 
gear to a second-order effect. Energy 
lost in friction and windage was re- 
duced by the use of ball bearings 
wherever necessary. 

In a practical design some energy 
must be left in the spring when the 
sector becomes disengaged from the 
rotor, in order that the sector will 
clear the rotor and gimbals, and per- 
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mit freedom of motion of the gimbal 
system after uncaging. Analysis showed 
that angular velocity of the rotor is 
increased as the initial angle of wind- 
up of the sector (spring) is increased, 
and the angular position at release is 
made small. In other words, the sector 
angle should be as large as possible, 
and the spring should be wound up as 
far as possible. 

Values of parameters chosen for the 
Waltham gyro are: 
Spring constant: 3.25 inch-lbs per de- 
gree; rotor moment of inertia: 600 
gram-cm?; initial spring angle: 90 de- 
grees; spring angle at release: 45 de- 
grees, and the theoretical angular veloc- 
ity of the rotor at release is 7650 
RPM. In actual tests rotor angular ve- 
locity at release was measured as 7000 
RPM, giving indication of the effect of 
energy loss in friction and windage dur- 
ing the acceleration period, and in 
accelerating spring and sector gear. 

Circle No. 87 on Inquiry Card 





Gravity Sensing 
Electrolytic Potentiometer 


Three electrodes sealed in a curved 
glass tube partially filled with an 
electrolytic solution provide a unique 
gravity sensing unit. Electrodes are 
arranged so that when unit is in a 
horizontal position, the resistance from 
the two operational electrodes to the 
common electrode is equal. When unit 
is tilted, air bubble moves, causing re- 
sistance to increase on one operational 
electrode and decrease on the other. 
If the EP 1012 is used as one-half of a 
bridge circuit in a 1000 Ohm bridge, 
with 12 V. applied, zero output results 
at the horizontal position. Tilting the 
unit % degree, 4 V. of the output re- 
sults and at % degree, 8 V. Designed 
to give an error signal with a small 
amount of deviation from the horizon- 
tal, unit reaches saturation at approxi- 
mately % degrees. The unit is 1%” long, 
including leads, and 9/32” in diameter 
across body. 

Hamlin Inc., Evanston, JIl. 

Circle No. 207 on Inquiry Card 


WORTH FILING 


Inductosyn: Principles and 
Applications 


32 page bulletin tells of Inductosyn 
automatic machine tool control sys- 
tem for micro positioning. Publication 
describes both linear and rotary types 
available, contains installation photo- 
graphs, discusses applications, and 
demonstrates versatility. Inductosyn 
system can be adapted to new machine 
tools or to automate existing machine 
tools of various types and sizes. 


Source: Farrand Controls, Inc. 
New York, N.Y. 


For your copy: Circle No. 152 on Inquiry Card | 
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J STEPPING SWITCHES | | 
; 


for automation, 
telemetering, 
remote control 







e Rugged 
@ Dependable <™@ 
e Hermetically +a) 
sealed is 
if desired 











W ROTARY SWITCHES & 


for all electronic 
equipment 


e@ Meets or exceeds 
government 
specs. 

e Printed 
circuit and 
special 
designs 


@ Quick 
deliveries 


e@ Long life 
e All sizes 


CAM SWITCHES & 


for counting and control 


e Decade , . 
switch 

e@ Control 
switch 

e@ Decimal to binary converter 





PALISADES PARK, 
NEW JERSEY 
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SWITCHES-CONNECTORS 


SOLENOIDS-PLUGS-SOCKETS 
TERMINAL & JUNCTION BLOCKS 





20 OLD COLONY AVENUE, BOSTON 27, MASS 
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MOSINEE MAKES MAGIC witTH PAPER 





For quality laminates... 
Mosinee Saturating and Impregnating Papers 


_ 
ae 


e These Mosinee papers give you precision control over 
quantity and rate of resin absorption. 


e Mosinee saturating papers are made to your specifications, 


e You'll get the exact penetration rate, degree of saturation, 
and resin pickup you desire. 


© Apparent density as reflected by basis weight and caliper 
will be precisely as you have ordered. 


© Quality will be uniform from roll to roll . . . from carload. 
to carload ...as long as you order. 


DATA FILE 


Write Dept. EMD-10 


MOSINEE 


PAPER MILLS COMPANY 


oa 
Mosinee, Wisconsin 
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INDUCTION TRANSDUCERS 


Generalized Approach To Design 
Of Non-Linear Induction Pots 


by Dow Malkin 


American Electronics, Culver City, California 





Induction potentiometers are transducers that develop 
an output voltage that is a function of shaft input, 
by varying the magnetic coupling between a primary 
and secondary winding. They are characterized by 
infinite resolution, and, in contrast to resistance po- 
tentiometers, indefinite noise-free life at relatively high 
speeds. These properties have been a primary factor 
in their application. 

In Components Digest 3, ELECTROMECHANICAL 
DESIGN, Feb., 1959 linear induction potentiometers 
were described. Dov Malkin of American Electronics 
here discusses the generalized approach to the design 
of nonlinear induction potentiometers. The key is to 
so arrange the distribution of turns on primary and 
secondary magnetic structures as to achieve the re- 
quired function of shaft position. Accuracy depends 
upon the number of available slots for the insertion 
of windings. 











Various types of nonlinear potentiometers can be designed 
and constructed. Their theoretical accuracy is determined 
by the number of winding slots on the rotor member and 
the stator member. The physical size determines im- 
pedance levels as well as influencing manufacturing ac- 
curacy. A large unit has high input impedance, low out- 
put impendance, low phase shift, and fewer errors due to 
production variation. 

In the mathematical presentation given below, an 
arbitrary distribution of magnetic flux is assumed (with 
certain logical symmetries). The relative sensitivities of 
the output windings to the individual flux harmonics is 
likewise assumed. From these assumed factors, the output 
voltage as a function of shaft position is established as 
an infinite harmonic series, each term of which is multi- 
plied by a factor relating to the harmonic flux of the in- 
put and a factor proportional to the output sensitivity to 
the particular harmonic. By comparing this series with a 
similar series for the desired output vs. shaft angle func- 
tion, the magnitude (and phasing) of the individual har- 
monic terms are established. The designer must then 
compromise by selecting coil distributions, using conven- 
tional winding theory, to achieve the best match of the 
actual and required outputs. Only rarely, as in the ex- 
amples given below, can an exact match be obtained. 


I 





B =f, (a) 
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In the following mathematical development, Fig. 1 
represents the distribution of flux density along the peri- 
phery of the air gap diameter. For simplicity, let us 
assume skew symmetry for « — 0, and that B = 0 at 
+ = = a, and at 2 = 0. The flux wave shape is deter- 
mined by the configuration of the coils on the exciter. 

The turns (N) on the excited members are of the follow- 
ing distribution 























+X 


II 





An element of the coil has the span of 2X, and the 
number of turns is dN. 
A double symmetry is assumed for the N function; a 


symmetry for X = 0 and a skew symmetry for X = 2/2, 
X = —2/2 


The displacement of axis II II from axis I I will be 
designated ) 
a= X+) by inspection 
and for the particular case 
a, = X,; +A on the right axis of I—I 
a — —X, + don the left of axis of I—I 
a, % define the position of the particular coil. 
The flux thru this coil is: 
a 


1 
Pett = Cif B da 


ae 


C, is a constant (1) 
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SERVO MOTOR MOTOR DC MOTOR LINEAR 
GENERATOR Output Power TRANSFORMER 
(total CED) Generator 4.0 watts Linearity 
3:8 watts 32 watts Input Voltage No Load Speed 5 
Stall Torque | Stall Torque 10¥ 20,000 rpm Null E at EZ 


SERVO MOTOR 
Input Power Input Power 


18 02 in min 3 oz in min Output Voltage Input Voltage Olby 
Max. Weight No Load Speed 0.13 ¥ /1000 28 ¥ DC Phase Shift 
29 gm | 6200 rpm min rpm max 15 deg. lead 


The voltage generated in the particular coil will be: 


de — Cy Pert dN (2) 
The total voltage generated in the rotor is 


Xy — tk 2 
E = C; f 

X;.= 0 Xx; = ) 
Cel, = €.-(3) 


x (f 
Le 


Expression B = f,(«) can be expanded in a Fourier series: 
B, sin a + Bo sin 2a + Bs sin 32 +... (4) 
Expression N = fo(X) can be expanded to 
N, cos X + Nz cos 3X + N; cos5X +... (5) 
The K member of the B function will contribute the flux 
9, thru the particular coil 


oa A+ XxX 
¢ =C, f By, sinKada= C,Byf 
Lo A ‘er Xy 


sin Ka da 


= C,2(B,/K) sin KA sin K X,_ (6) 


and the voltage generated in the p member of the N series 
will be 
x, = 2/2 
Ex, = C 2(B,/K) sin KA f sin KX N,P sin p x dx 
x10 
since dN, = N,P sin px dx 
x/2 
Thus Ex, =C (B,/K) PN, sin KA f [cos X (K—P) — 
0) 
cos ¥ (K+P) ] dy 


| 
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DIFFERENTIAL RESOLVER 
TRANSFORMER Accuracy Accuracy 
Accuracy ]’ error max I’ error max 

1’ error max | Null Null 

30 my-max 30 my max 
Phase Shift Phase Shift 

§ deg. lead 11 deg. lead 


TRANSMITTER iam anna.) 
Accuracy Accuracy | 


CONTROL 


]’ error max 30’ max 
Null error spread 
30 mv max Torque Gradient Null 
Phase Shi 2200 mg-mm 
deg i 
Input Power 5 deg. lead 
24 watt | 
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You Get Things Done Better 


By Seeing What's Happening 
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BOARDMASTER VISUAL CONTROL 


* Gives Graphic Picture of Your 
Operations in Color. 

* Facts ata Glance - Saves Time 
and Prevents Errors. 

* A Simple, Flexible Tool - Easily 
Adapted to Your Needs. 


Cards, Snap on Board. 
ing, Sales, Inventory, Etc. 


Metal. 400,000 in Use. 


Complete Price $4950 Including Cards 


FREE 





Without Obligation 





GRAPHIC SYSTEMS, 55 West 42nd St., New York 36 N. Y. 
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* Easy to Use. Type or Write on 
* Ideal for Production, Schedul- 


* Compact, Attractive. Made of 


24-Page ILLUSTRATED BOOKLET AK-30 





MINIATURE 
ROTARY 
SWITCH 


ESCO Type MA-12 
is a miniature rotary 
switch designed for 
applications 
requiring 
3 amperes 
115 v.a-c 
rating. 
This 
fungus-inert, 
corrosion-resistant 
rotary switch 
is designed to meet 
MIL-S-3786. 


@ Sections — up to five sections 
@ Poles — up to 6 poles per section 
@ Electrical rating — 3 amp. 115v. 
a-c continuous; 42 amp. interrupting 
@ Voltage breakdown — 1000 volts RMS 
@ Positions —2 to 12 positions per section 


Sections and rotors moided of MAI-60, per 
MIL-M-14E. Current carrying parts are made of 
>‘ silver-alloy. Designed for single-hole panel 
)} mounting. The shaft is 44” in diameter. 


Write for Bulletin No. 14 for further information. 


ACTUAL SIZE 










ESCO or WEYMOUTH 


ELECTRO SWITCH CORPORATION 
ng Avenue Weym 


h 88, Massachusetts 


CIRCLE 17 ON INQUIRY CARD 


18 





























~‘e—_—— 


There are three general cases: 

I. K = P = r in which case E,, = (x/2) C B, N, Sinr A 
II. K = odd, p = odd or K = even, p = even, KP in 
which case E,,, =0 

III. K = even, p = odd or vice versa in which case 

Exp ~ 0 


In a series where odd members only exist, for both N and 

B, Case 1 only will contribute to the rotor voltage. 

The total voltage generated in the rotor at a displacement 

2 will be: 

E = (x/2)C (B,N, sin 4+ BsNz sin 3A + B;Ns sin 5A 
+...) (8) 

The following examples demonstrate the practical pro- 

cedure for the construction of the transducer. 


SS 


—1 =-Zye 








Example 1: linear pot 

The equation for linear output is: 

E = (2h/z)i, the Fourier series of which is: 

E = (8th/x?) [sina + (sin 32/9) + (sin 54/25) + ...] 
From equation (8) we identify 

B,N, = 1, BN; = (1/9),B;N; = 1/25, etc. 

The simplest solution for the B and N series is B,; = N, = 1, 
B,=N,=1/3, B, =N,; = L/S, ete. 

This of course is the mathematical expression of concentric 
winding both for stator and rotor. 


B , N 














= 








Example 2 is a resolver whose output is sinusoidal; there 
is a sinusoidal distribution on both its windings and all 
higher ‘harmonics disappear. 


Example 3—Integrating transducer E = h [1—(4)?/x?) ] 











-17 —1/2 1/2 Di r 





(E =32h/zx) (cosd) — (cos 34/3 X 9) + (cos 54/5 XK 25)— 
(cos 74/7 X 49) + etc. 
This can be achieved by the following series: 
cosA + (cos 34/9) + (cos 54/25) + (cos 71/49) etc. 
which is the expression for a triangular distribution of 
wedge and: 


cosA — (cos 3A/3) + (cos 54/5) ~ (cos 74/7) ete. 
which is the expression for square concentric wedges. 
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To ELECTRO-MECHANICAL ENGINEERS 
who are interested in 
designing and developing 


1. Portion of Navigational Display Mechanism 
2. Flight Interrupter 

3. Reticle Frame for Navigational Display 

4. Experimental Magnetic Memory Drum 


2DWARE 


The Hughes Systems Development Laboratories 
have.dozens of openings for Electro-Mechanical 
Engineers ...to design hardware to meet the 
severe environments of space vehicles, 
missiles and all-weather interceptors. This 
is an opportunity for design engineers to 
utilize their ingenuity and creativity in the 
development of complex precision electro- 
mechanical devices which must be highly 
efficient and reliable. 

These positions provide, perhaps uniquely, 
for individual professional satisfaction 
through participation in the performance 
analysis of your own creations. 


Some of the areas of assignment are: 

e Infra-red Devices 
Digital Computer Devices 
Gyroscopic Guidance Devices 
Inertial Guidance Devices 
Flight Simulator Equipment 
Missile Control Devices 


Antenna Control Devices 


Ideally, applicants should have at least two 

years of practical professional mechanisms 
experience and an accredited E.E., M.E., 

or Physics degree. 

If you feel that you can contribute, please 
airmail your resume to: 

Mr. Robert A. Martin, Supervisor Scientific Employment 
HUGHES RESEARCH AND DEVELOPMENT LABORATORIES 
Culver City 75, California 


' HUGHES | 
en reer, ere eee ne se eer ia 


© 1959. HUGHES AIRCRAFT COMPANY 





Stake screws with LOCTITE 
...4@ retaining compound 






designed for thread locking ! 


Insulating varnishes and mechanical 
punching have been widely used for 
years for the lack of a better method. 
Now there is a retaining compound de- 
signed specifically for thread locking. 
Consider these advantages: 





COMPONENTS DESIGN 


4-Way Solenoid Valve 


New 4-way corrosion-proof solenoid 
valve, with full % orifice (0-300 psi) 
to 3/16 orifice (0-90 psi) has only two 
internal moving parts and completely 
protected solenoid coils. Internal me- 
dia does not pass around solenoid 
plungers. The coils are completely 
sealed from air, oil, gas and water 

. and will not overheat on contin- 


| uous duty. Coils for continuous or in- 


1. LOCTITE provides complete resistance 
to loosening under shock or vibration 
because it fills and locks engaging 
threads, providing both breakloose 
and prevailing torque. 


2. LOCTITE has several times the holding 
power of locknuts or lockscrews be- 
cause locking action extends over en- 
tire engaged surface and persists for 
several turns. 


3. LOCTITE is easy to apply. . . not sticky 
-..no mess...does not air dry! 
Hardens only in absence of air. Large 
batches of threaded parts can be 
treated and stored for days...lock | 
only when assembled. No heating or 
mixing is necessary. 


4. LOCTITE comes in different strengths | 
which apply any required locking 
torque—ranging from a light drag suit- 
able for adjustment screws to a lock- 
ing force exceeding the torsional 
strength of the screw. Provides greater 
uniformity than mechanical staking. 


LOCTITE MEETS MIL-P-11268D 
LOCKING CHARACTERISTICS OF LOCTITE 









PREVAILING TORQUE TYPE LOCK SCREW 


TORQUE 





ORDINARY SCREW WITH SPRING LOCKWASHER 

















PREVAILING TIGHTENING GREAKLOOSE 
‘ORQUE TORQUE TORQUE 


TURNS 


LOCTITE is a thin liquid that 
hardens when confined be- 
tween closely fitting metal 
parts. It forms a tough, heat 
and oil-resistant, bond that 
secures threaded parts 
better than any mechanical 
locking device. Write for 
literature and free sample. 


LOCTITE ‘vesssu, 


AMERICAN SEALANTS COMPANY > 
109 Woodbine St., Hartford 6, Conn. 
In Canada: J. S. Parkes & Co., Ltd., Montreal 


L-ocritt 
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termittent duty, a-c or d-c, are inter- 
changeable. Life expectancy is many 


| millions of cycles, and by inserting 
_ two new one-piece valve plungers, 


many millions more can be expected. 
The plungers can be replaced without 
disturbing rigid piping. Airmatic Valve, 
Inc., Cleveland, Ohio. 

Circle No. 139 on Inquiry Card 


| 4-Stage Amplifier 


Smallest 4-stage amplifier is available 
in production quantities. It is .531 x 
.228, weighs 1/16 of an ounce, has a 
gain of 73 to 78 db at 1 KC with 
1000 ohm load, input impedance of 
2000 ohms; signal to noise ratio of 42 
db below 1 volt; current drain is 2.1 
milliamperes maximum from 1.3V cell. 
Centralab, Milwaukee, Wisconsin. 
Circle No. 136 on Inquiry Card 


Explosion-Proof Pressure Control 


New, waterproof, explosion-proof, high 
pressure control, suitable for air, gas 
or liquid pressures in hazardous loca- 
tions has pressure setting made by 
turning a knurled knob against a cali- 
brated dial. The setting may then be 
locked with an allen wrench to avoid 
unauthorized tampering. A tamper 
proof screw-on cap is also provided for 
additional protection. Pressure ranges 
of this new control extend from 10 psi 
to 1700 psi, with a proof pressure of 
2500 psi and a maximum pressure of 
3500 psi. Cast iron base and aluminum 
cover construction permits the use of 
this control in Class I, Groups C & D; 
Class II, Groups E, F & G; Class III 
as defined by the National Electrical 
Code. Approximate weight 8 lbs., 7 oz. 
switches available include normally 
open, normlly closed, or double throw 
with no neutral position, and are rated 
for 15 and 20 amps at 115/230 volts 
AC. All switches are single pole and 
suitable for ambient temperatures up 
to 180F. United Electric Control Co., 
Watertown, Mass. 
Circle No. 147 on Inquiry Card 


250 Amp Silicon Rectifier 


Low thermal drop (less than 10C junc- 
tion to base) and low junction tempera- 
ture rise (approximately 60C) are built- 
in features in a new series of half-wave 
silicone rectifiers rated at 250 amperes 
d-c. This combination minimizes 
“thermal-aging” problems and extends 
life expectancy. Either positive or neg- 
ative base polarity is available. De- 
signed for use in welding, electroplat- 
ing and electrolysis application, this 
series is also useful in any application 
that requires 1000 or more d-c amperes, 
Sarkes Tarzian, Inc., Rectifier Div., 
Bloomington, Indiana. 
Circle No. 214 on Inquiry Card 


Signal-Conditioning Equipment Fits 
Standard Data-Handling Racks 


A new. analog _ signal-conditioning 
equipment is designed for mounting 
on standard 19-inch data-handling 
racks. 

Components in CEC’s Type D 
Amplifier System for amplifying low- 
level voltages from transducers now 
have aluminum front panels for rack 
mounting, and connectors, including 
power input, have been moved from 
side to back. The new components are 
Type 2-105AMB Oscillator-Power Sup- 
ply and Catalog No. 1-015 Amplifier 
Case, which houses four amplifiers. 
Models are still available for aircraft 
or other applications not involving rack 
mounting. In addition, an accessory 
1-017 Rack Mounting Panel is being 
manufactured for the Type 1-127 
Carrier Amplifier. The panel, which 
can be installed on units already in 
use, is flush with the rack, but controls 
are recessed. Consolidated Electro- 
dynamics Corp., Pasadena, Cal. 

Circle No. 125 on Inquiry Card 


Miniature Floating 
Integrating Gyro 


New series of high-accuracy miniature 
floated rate integrating gyros, two 
inches in diameter and 2% inches long 
and designed for use in missiles or 
severe missile-like environments, com- 
bines the torque motor and the signal 
generator in a single unit, or “torsyn,” 
together with a_ restraint-trimming 
tertiary winding. Designed for maxi- 
mum adaptability to precision mass 
production methods, these gyros can 
be produced having variety of per- 
formance characteristics tailored to 
specific applications. Kearfott Co., Inc., 
Clifton, N.J. 
Circle No. 230 on Inquiry Card 
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TO THE ENGINEER 





looking for a quick connection 





Engineers out to cut costs at no expense of 
reliability can count on dramatic savings in 
assembly and wiring time by designing 
around AE Class E relays with quick-connect 
terminals. 


Series EQPC is designed for direct insertion 
into printed circuits. Series EQTT, with 
Taper-Tab terminals, provides firm, high- 
conductivity connections without soldering. 


AE also supplies Class E relays prewired 
for plug-in — with standard 8- to 20-prong 
octal plugs. Where additional relay protec- 
tion is essential, the plug-in types are avail- 
able in hermetically sealed containers or with 


dust-tight housings and hold-down brackets. 


The AE Class E relay is a miniaturized version of 
the premium-quality Class B, with many of its 
best features. Perfect contact reliability exceed- 
ing 200 million operations is common. 


AE is also equipped to supply wired and 
assembled, custom-built control units, or to 
help you develop complete systems. 


Want details? Just write the Director, 
Control Equipment Sales, Automatic Elec- 
tric, Northlake, Illinois. Also ask for Circular 
1702-E on Relays for Industry, and the new 
32-page booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


CIRCLE 19 ON INQUIRY CARD 


pasien OCTOBER 1959 21 














COMPONENTS DESIGN 


Automatic Controlled Rectifiers 


A complete line of fully automatic inductro-capacitron reg- 
ulator controlled selenium, germanium and silicon recti- 
fiers have been developed for laboratory, computers, elec- 
troplating, machinery, industrial and military applications. 
These d-c power supplies with voltage or current sensing 
device provide constant voltage or constant current within 
+0.1% regardless of load variations from 0 to 100% or 
line variations within +10%. The power factor is up to 
100% and efficiency up to 96%. The units are available in 
different ratings from 100 watts up to 500 KW with nor- 
mal convection, forced air, oil convection or oil circulating 
cooling. DJECO, Div. of Djordjevic Engrg. Co., Chicago, 
Il. Circle No. 170 on Inquiry Card 


Thermal Relay For Missiles 


Hermetically sealed thermal time delay provides operation 
under vibration of 20g up to 2000cps and under shock of 
50g for 11 ms. There is no resonance below 2000cps and 
extended exposure to these conditions causes no damage 
or change in characteristics. Operating time delays of 3 to 
60 seconds are available. Time delay is factory set within 
a tolerance of +5%. Effects of ambient temperature have 
been greatly reduced and are held to +5% over the range 
of —65C to +125C. Heater voltages range from 2 to 115 
volts for delays of 3 to 12 seconds and from 2 to 230 volts 
for the longer delays. G-V Controls, Inc., Livingston, N.J. 


Circle No. 164 on Inquiry Card 











THE SMALLEST ROTARY SWITCH 
EVER MADE! 


Daven’s New Series G Sub-Miniature Switch, 1/2’’ Diameter! 


A new sub-miniature rotary selector switch, developed by DAVEN, is 
specifically suited for application in missiles, aircraft, handy talkies, 
field pack sets, frog-man communication equipment, and all types 
of mobile apparatus. This explosion-proof, waterproof switch has the 
same reliability as its bigger brothers... butin a fraction of the space. | 
It meets applicable military specifications on temperature, humidity, 
corrosion, vibration, acceleration, shock and immersion. 





This unit is available as a single pole, 10 position switch and can be 
obtained with up to four poles on a single deck. 
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L+ 2, i 
“DAVEN= ~*~ 
LIVINGSTON, NEW JERSEY 
Write today for comprehensive technical report on the new 
Series G Sub-Miniature Rotary Switch. | 
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Polarization Switch 


Polarization switch filters out radar images of storms and 
heavy clouds increasing radar range between five and ten 
times the present maximum in storms. Westinghouse, 
Pittsburgh, Pa. 

Circle No. 232 on Inquiry Card 


Isolated Power Supply 


Isolated power supply provides up to 1 ampere of current 
at any regulated voltage between 0 to 20 volts, d-c, for 
applications in which the ultimate in ripple and _ noise, 
regulation of output with line variations and _ isolation 
from power source is required. Operating in the capacity 
of a “floating battery” the Model 21 provides absolute 
isolation from line voltage and line ground, through the 
use of unique circuitry. Isolation achieved is truly out- 
standing, with capacitances of less than 2.5 micro-micro- 
farads from output to line voltage and from output to 
line ground and chassis. With the chassis grounded, the 
total capacitance of output to line voltage is reduced to 
0.1 micro-micro-farad. Leakage resistance is greater than 
50,000 megohms. Ripple and noise are less than 100 micro- 
volts (rms) while a 10% variation in line voltage will pro- 
duce less than 10 milli-volts change in output. Low inter- 
nal impedance, negligible drift and a low temperature 
coefficient are other characteristics. Moeller Instrument 
Co., Electronics Div., Richmond Hill, N.Y. 


Circle No. 165 on Inquiry Card 


High-Low Temperature and Altitude 
Chamber For Radiation Testing 


Unique environmental chamber tests products and mate- 
rials undergoing radiation exposure. The three cubic foot 
test chamber has an adjustable temperature range from 
+180F to —80F. Altitude can be controlled from sea 
level to 100,000 feet in fifteen minutes time. A steam 
vapor generator provides up to 100% relative humidity 
in the chamber. The water supply reservoir is mounted 
directly on the unit so that, except for the electrical serv- 
ice, it is completely portable on four 6” casters. Radiation 
in the chamber is accomplished by a 1” diameter non- 
metallic tube that penetrates through the chamber and 
extends 6” on each side. A capsule of radioactive material 
is inserted in the tube for the test. The chamber can be 
used with or without the capsule in the tube. Other special 
accessories of the unit include program controllers for wet 
and dry bulb temperatures and absolute pressure. Cin- 
cinnati Sub Zero Products, Cincinnati, Ohio. 


Circle No. 168 on Inquiry Card 


Kit For Mounting Circuitry 


Low-cost, all-in-one tool for rapid construction of resistor 
boards, turrets, vertical plane circuits, plug-in units, etc., 
for prototypes and small production runs provides a faster, 
easier method of mounting standard components. It is also 
a logical means to get started with plug-in unit construc- 
tion. This universal tool punches terminal holes, swages 
terminals, eyelets sockets, and rivets brackets by simply 
changing punch and anvil; makes it simple to lay out your 
schematic in production form and move directly to circuit 
wiring. Unique ratchet terminals included in kit make it 
simple to mount components quickly and securely, even 
on a production basis. Components simply snap into 
ratchet jaws which hold leads for soldering instead of 
twisting around a post. Alden Products Co., Brockton, 
Mass. Circle No. 183 on Inquiry Card 
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RECHARGEABLE 


YARDNEY 
SILCAD*® 
BATTERIES 


You’ll use and reuse your YARDNEY 
SILCAD over 2,000 to 3,000 partial cy- 
cles...300 to 500 complete discharges. 
Here is true year-in, year-out economy! 


This, among other factors, explains 
why the long-life, maintentance-free 
YARDNEY SILCAD is being used more 
and more in military and commercial 
fields — as a compact, lightweight and 
rugged power source in portable TV and 
radio and tape recorders ... in radio- 
controlled models ...in electric cars and 
trucks ...in photographic equipment 
such as lighting, photoflash and camera 
drives. .. 


YARDNEY 
ELECTRIC 
CORP. 


‘Pioneers in Compact Power’’* 
40-50 LEONARD STREET, NEW YORK 13, NEW YORK 


Patents granted and pending. 
© 1959 by Yardney Electric Corp. 
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YARDNEY 
SILCAD* 
BATTERIES 


Nothing to add, nothing to fix. With the 
compact, powerful, rechargeable SIL- 
CAD you can forget about maintenance! 


For this reason — and many others — 
design engineers in military and com- 
mercial fields have turned to the rugged, 
lightweight, economical YARDNEY SIL- 
CAD to meet the demands of today’s 
portable electronics — receivers, trans- 
mitters, computers, transverters, con- 
verters, solid state inverters, and all 
portable electronics... heavy-duty light- 
ing, internal and ground support APU 
replacements, marine equipment, page- 
call systems, stand-by power... portable 
medical equipment... 


YARDNEY 
ELECTRIC 
CORP. 


Pioneers in Compact Power’”* 
40-50 LEONARD STREET, NEW YORK 13, NEW YORK 


Patents granted and pending. 
©1959 by Yardney Electric Corp. 


*Trade Mark 
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LIGHTWEI 


YARDNEY 
SILCAD*® 
BATTERIES 


Only 3 the size, 3s the weight of ordinary 
nickel-cadmium and lead-acid batteries 
...yet rugged enough for the most ad- 
verse conditions! 

This is one reason industry is now de- 
signing with the long-life, maintenance- 
free YARDNEY SILCAD — economical, 
compact, rechargeable power for mis- 
siles, rockets, satellites and drones... 
for guidance, control, telemetering, 
storing energy supplied by solar energy 
converters . . . for such airplane and 
helicopter applications as engine start- 
ing, emergency lighting, power and 
communications ...for portable ground 
power...and numerous commercial 
applications. 


YARDNEY 
ELECTRIC 
CORP. 


‘Pioneers in Compact Power’’* 
40-50 LEONARD STREET, NEW YORK 13, NEW YORK 


Patents granted and pending. 
C)1959 by Yardney Electric Corp. 
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20 Boright Ave., Kenilworth, N. J. 
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Model 
SS-32-10 





CORPORATION 


Br 2-6000 


CIRCLE 22 ON INQUIRY CARD 








COMPONENTS DESIGN 





NEW TRANSDUCER PRINCIPLE 


High-Level Electrical Response 
From Minute Physical Motion 


A new principle—known as Metrisite— 
incorporated in a variety of displace- 
ment and velocity transducer forms 
now in production by Brush _ Instru- 
ments, Div. of Clevite Corp. in Cleve- 
land, Ohio represents a basic improve- 
ment in the differential transformer 
principle widely used in transducers. 

Only one moving part is involved, 
an extremely lightweight armature sus- 
pended in an air-gap of a laminated 
magnetic structure, (see illustrations). 
Movement of this armature from cen- 
ter produces an imbalance in flux dis- 
tribution in direct proportion to the 
degree of travel. The difference in 
voltage of two secondary circuits re- 
sulting from this imbalance constitutes 
a highly stable a-c output. 


9 AC Supply J 
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The Metrisite Principle—Field excit- 
ation in closed-loop transformer is sym- 
metrical when armature is at center, 
becomes asymmetrical when armature 
is displaced. Off-center field induces 
differing voltages in secondary coi!s. 
Secondaries are connected in series and 
opposed. Output voltage is proportional 
to their flux difference, which in turn 
is proportional to their flux difference, 
which in turn is proportional to dis- 
placement of armature. 


Because the armature has very low 
mass and is non-magnetic, energy 
needed to move it is slight and reac- 
tion on the mechanical input is negli- 
gible. Excellent resolution at null- 
point, mid-range and full-scale elim- 
inates problems of “hunting” close to 
the null or signal decay at extreme 
range. 


PERFORMANCE 


Metrisite transducers exhibit linearity 
several orders of magnitude _ better 
than comparable synchro, LVDT or 
other electro-magnetic types. Produc- 
tion models have a proven linearity of 
1/10%. Zero stability is exceptional, 
with repeatable response to displace- 
ments as minute as 0.0001”. Resolu- 
tion is limited only by the mechanical 
structure with which the device is 
used. 

A typical Metrisite transducer cur- 
rently used in a well-known industrial 
control has an output of approximately 
1 volt across a 330 ohm load in re- 
sponse to a movement of 0.2”. Special 
units can be made with outputs as 
high 100 volts. This relatively high 
output combined wtih a low back- 
ground noise level greatly simplifies 
design of associated equipment. As an 
example, a sensitive rectifier type me- 
ter can be operated directly without 
an amplifier. 

Operated on a 60 cycle line, full 
scale operation of a suitable meter is 
obtained from movements as small as 
0.005”. With suitable amplification, 
full-scale response may be obtained 
from displacements of 1 microinch. 
Designs have proven practical well 
above the audio range. 

The Metrisite principle adapts read- 
ily to a great variety of configurations 
from the very minute to sizes capable 
of measuring a motion travel of four 
inches or more. Special arrangements 
can extend the practical range by a 
large multiple. Units are in production 
to measure angular or purely linear 
movements. 


CONSTRUCTION 


The structure of a Metrisite unit is 
essentially rugged, consisting of pre- 
cision fitted laminates tightly clamped 
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pitas mature does not contact the structure 
d reac. at any point when in operation. Com- 
3 negli. pact and light in weight, Metrisite | 
: a transducers can meet difficult minia- | 
i lens turization and weight-saving require- 
is ments—hence are adaptable for use in 
missiles, aircraft and portable instru- 
extreme . : 
mentation systems. They are virtually . 
) ; . 0° 
unaffected by temperatures over a provides 
en range, or by moisture or vibra ready-to-use 
— Circle No. 88 on Inquiry Card oscillograms 
DI, or BD fast 
Produc- | : 
arity of WORTH FILING | 
ptional, Small Basic Switches | 
lisplace- 
Resolu- 20-page catalog covers four important 
chanical types of miniature switches. Outstand- 
vice 1s ing features are high capacity, long 
life and compact control. Models are 
er Cur- available in many contact types, ter- 
dustrial minal designs and assemblies. One 
imately type is a sub  sub-miniature switch | 
o oe which, according to the manufacturer, 7 
Special is the smallest single-pole, double- “ 
puts as throw snap-action basic switch made T 293 109A 
ly high to date. Typical auxiliary actuators ype i 
- back- and assemblies are shown with each of | 
mplifies the four types. | 
. As an Source: Microswitch, Div. Minn-Honeywell | 
pe me- Freeport, Illinois 
without For your copy: Circle No. 206 on Inquiry Card 
1e, full R 
neter is Ideal for field operations 
mall as} | ARE YOU STILL LOOKING FOR | 
fication, | This new improved CEC Oscillogram Processor teams up with your recording 
btained A CHIEF DESIGN ENGINEER ? oscillograph tor swift, on-the-spot processing of oscillograph records. It is com- 
sroinch. . pletely self-contained, motorized for automatic operation, and designed for day- 
il well light use. Saves you time and expense by providing developed, dry, ready-to-use 
I'm an M. E. who has developed oscillograms. The new 23-109A features a variable bath temperature control to 
's read- and designed automatic machinery accommodate future chemical processes. Ideal for field use, the processor needs 
srations for the production of electron no external water supply. Spare magazines are available for rapid sequence work. 
capable tubes, crystal diodes, whisker Ready-mixed, liquid concentrated chemicals are packaged for complete filling 
of four leads, wire wound resistors and of processor tanks—just add water. Available for 115- or 230-volt, a-c operation. 
rements other electronic and_ electrome- For complete information, call your nearest CEC sales and service office or write 
> by a chanical components. for Bulletin CEC 1537-X3. 
— In addition, I’ve designed ovens, 
_—— honeycomb core machines, ma- 
chine tools, textile machinery, ma- 
terials, and chemical processing | | 
equipment. | 
ec : Background includes Harvard | | 
lamped Engineering degree and graduate | 
courses in mechanics, materials, | 
electronics, and solid state Physics. 
Currently employed in the West 
Coast area. 
eae" If you'd like to see a copy of my 
resume, just drop a note to: 
Box 100 
ELECTROMECHANICAL DESIGN } ae 
1357 Washington Street Electro Mechanical Instrument Division 
West Newton 65, Mass. | ‘ 
a | CONSOLIDATED ELECTRODYNAMICS / 360 sierra madre villa, pasadena, california 
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a complete range 
of brush materials for 
printed circuit applications. 











$ 
H 
2 


Because the correct choice of contact materials 
for use on printed circuits is wholly dependent 
upon such factors as type of circuit, circuit func- 
tion and mechanical design, the final selection of 
materials is generally obtained on an empirical 
basis. 

Baker engineers and metallurgists are pre- 
pared to offer very broad, specialized experi- 
ence, together with extensive records of perform- 
ance data that can be extremely useful to you. 
They will be pleased to assist in resolving your 
particular problems in this field. 

Baker-developed alloys and powdered metal 
products meet the full range of brush material 
requirements for printed circuit applications. 
Complete facilities are available here for reliable 
design and manufacture. Send for literature. 


BAKER CONTACT DIVISION * 207 GRANT AVE., E. NEWARK 
HARRISON P. O., N. J. 


BAKER 


CONTACT 


DIVISION 








WRITE FOR LITERATURE 





recognized 
leadership in 
the design and 
manufacture 
of slip ring 
assemblies. 


The country's leading producers of electrical and 
electronic equipment look to Makepeace for the 
design and manufacture of slip ring assemblies. 

Slip ring design for particular applications de- 
pends upon the various electrical and mechanical 
factors involved. Thus, Makepeace has devel- 
oped many special alloys and combination of 
alloys to meet a wide range of requirements. Our 
engineers and metallurgists are thoroughly qual- 
ified in this specialized field and will be pleased 
to make recommendations on your particular 
problem. 

Complete facilities are available for the man- 
ufacture of slip ring assemblies ranging in diam- 
eter from 1” to 48” and larger—for General Pur- 
pose, Radio Frequency and Video Ring Circuits, 
High Speed Instrumentation, High Voltage Ring 
Circuits and Power Pulse Slip Rings. A slip ring 
data file is available—write for your copy. 


D. E. MAKEPEACE DIVISION * PINE & DUNHAM STREET 
ATTLEBORO, MASS. 


D.:E. 


MAKEPEACE 


DIVISION 





DOMESTIC DIVISIONS! amERICAN PLATINUM & SILVER DIVISION, AMERSIL QUARTZ DIVISION; BAKER CONTACT DIVISION, BAKER DENTAL DIVISION, BAKER SETTING DIVISION, 


BAKER PLATINUM DIVISION, CHEMICAL DIVISION, EAST NEWARK INDUSTRIAL CENTER, 
NATIONAL ELECTRIC INSTRUMENT DIVISION, 
ENGELHARD INDUSTRIES OF QUEBEC, 


REFINING DIVISION, D. E. 
COMPANIES ABROAD: 


MAKEPEACE DIVISION, 


ENGELHARD INDUSTRIES OF CANADA, LTD. TORONTO, 


HANOVIA LAMP DIVISION, HANOVIA LIQUID GOLD DIVISION, 
RESEARCH AND DEVELOPMENT DIVISION, H. A. 


LTD. MONTREAL, 


IRVINGTON-BAKER 
WILSON DIVISION. 
ENGELHARD INDUSTRIES, LTD. 


LONDON, ENGELHARD INDUSTRIES A. G. ZURICH, ENGELHARD INDUSTRIES PTY... LTD. MELBOURNE, SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S&S. A. BOGOTA, 


INDUSTRIE ENGELHARD S.P. A. ROME, ENGELHARD INDUSTRIES OF SOUTHERN AFRICA, 
SOUTH AFRICAN FOREST (INVESTMENTS LTD., SOUTH AFRICA, 
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AZOPLATE CORPORATION, CHARLES ENGELHARD, INC., 


ASSOCIATED COMPANIES: 


LTD. JOHANNESBURG. ACME TIMBER INDUSTRIES LTDO., 


NUCLEAR CORP. OF AMERICA, INC., U.S.A+ 
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corrosion-resistant rupture 
1 | discs for dependable 
instant and automatic 
relief of excess pressure 











ATOMEX® is a 24k gold immersion solution that 





permits the deposition of a thin, dense, uniform 
In pressurized apparatus subject to corrosive ac- layer of 24k gold on printed circuits and metal- 
tion, precious metal rupture discs provide the lized plastics by means of a simple bath. The 
safest, most accurate and dependable relief. Atomex procedure is more permanent and less 
Platinum, gold, and silver are now generally expensive than electroplating of comparable 
recognized as specifics when dealing with cor- thickness. Costly analytical control is unnecessary. 
» rosion. Each is resistant to the corrosive effects Rhodium—a complete line of plating solutions 
5. of an important group of liquids and gases and are also available for high-reliability electrical 
‘will remain unattacked under conditions that and electronic applications. Rhodium is highly 
- would render many base metal materials use- resistant to corrosive atmospheres, oxidation and 
less. These rupture discs, depending on material arc erosion—reduces wear on moving surfaces— 
selected, are guaranteed to be burst + 5% of assures low noise level for moving contacts, no 
specified pressure. Intrinsic value adds to the oxide rectification, low and stable contact resist- 
original cost of these discs but the actual metal ance. Rhodium plating is indicated when a low- 
value is recovered, no matter how torn or bat- resistance, long-wearing, oxide-free contact is re- 
tered the discs may be. Send for Bulletin. quired. Send for literature. 
BAKER PLATINUM DIVISION * 113 ASTOR STREET CHEMICAL DIVISION * 113 ASTOR STREET 
NEWARK, N. J. NEWARK, N. J. 
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NEWARK 2. NEW JERSEY 


DIVISION a ASeE™ aleeint 
\N-BAKER 
DIVISION. 
ES, LTD. 
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more and more 






engineers specify 


\S 


SS CINCINNATI SUB-ZERO 


Uitra Low Temperature and 
Environmental Testing Equipment 


HERE’S WHY 


© 100% reliability—every unit 
unconditionally guaranteed 

®@ custom-built—to your own re- 
quirements 

® compact design—soves valu- 
able floor-space 

® superior construction — 
numerous extras are built in 

®@ economy of operation — 
stands up to rigorous use with 
little servicing. 


Write describing your requirements. 
We'll send literature promptly. 





Representatives in all major industrial cities. 
Member: Environmental Equipment Institute 


CINCINNATI 
SUB-ZERO PRODUCTS 


General Office & Plant 
3930 MD-9 Reading Rd. ¢ Cincinnati 29, Ohio 
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STERLING 
| PRECISION 


THE COMPLETE 


COMPONENT LINE 
Immediate Delivery 





PRECISION @ CLUTCHES @ GEARS, PREC. |, Il & III 
@ BRAKES @ DIFFERENTIALS 
@ GEARHEADS e SPEED REDUCERS 
@ COUPLINGS @ TOOL COMPONENTS 
@ SHAFTING @ DEVELOPMENT COMPONENTS 


Write for our NEW FREE 512 Page 
COMPLETE CATALOG 


ever 20,000... Crock [tems 


PEs iE lem ite lie), Mee) ite) 7-vile),| 


INSTRUMENT DIVISION 
NEW ENGLAND MAIN PLANT 


2?9 Binney St 17 Matine k Ave 
Cambridge. Ma: N Y 


N 4-8130 Te PQ 7-77 Tel RE 








WEST COAST 


Bivd 
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COMPONENTS DESIGN 


WORTH FILING 
Semiconductor Rectifiers 


Six-page technical paper on semiconductor industrial recti- 
fiers gives a basic explanation of the uses and types of 
industrial rectifiers and covers such topics as monitoring 
and indicating failures, current and_ voltage balance, 
overload protection, voltage surges, cooling, efficiency, and 
power factor. 

Source: Perkin Engineering Corp., 


El Segundo, Cal. 
For your copy: Circle No. 129 on Inquiry Card. 


WORTH FILING 
Tube Fittings 


20-page catalog gives specs on full line of tube fittings. 
Sections include how to order, “O-Rings” seal hydraulic 
tube fittings, straight thread fittings, 2 or 3 piece 37° 
flare tube fittings, and hydraulic accessories. 
Source: Lenz Company, 

Dayton, Ohio 
For your copy: Circle No. 135 on Inquiry Card. 


WORTH FILING 
140 KMC Microwave Equipment 


Twelve-page booklet describes a complete line of millimeter 
wave components and instruments that generate, detect and 
measure microwave frequencies up to 140 KMC. Units are 
said to greatly increase user's scope of microwave activity. 
Performance characteristics, precision construction features, 
and dimension drawings are supplied for transmission line 
components, detectors, power absorbing units, horns, tees, 
frequency and impedance meters, phase shifters, shorts, 
tuners, and accessories. Text describes many uses for milli- 
meter waves in advanced research. 

Source: DeMornay-Bonardi, 


Pasadena, California 
For your copy: Circle No. 130 on Inquiry Card. 


WORTH FILING r 
Resolver Manual 


24 page manual is a thorough guide to understanding and 
application of resolvers. Tightly packed sections include: 
theory of operation, electrical characteristics, performance 
characteristics, applications, laboratory testing and_per- 
formance characteristics. 

Source: American Electronics, Inc., 


Culver City, Cal. 
For your copy: Circle No. 140 on Inquiry Card. 


WORTH FILING 
Variable Speed Drive 


16 page catalog describes and gives application information 
on stepless infinitely variable speed drive. Unit takes any 
speed at the input, changes speeds instantly at any time, 
gives positive drive with constant torque throughout speed’ 
range, and goes to zero rpm (thus it can be used as a 
clutch). Available in 35 basic models. 

Source: Revco, Inc., 


Minneapolis, Minnesota 
For your copy: Circle No. 255 on inquiry Card. 
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Transistorized Servo Amplifier 


Amplifier with sturdy plug in construction drives either 
3.5 watt or 6 watt servo motors from low level 400cps 
signals. Maximum gain adjusted by external resistor is 
2000. Gain stability 3 db over temperature range. Input 
impedance minimum of 100k at all gains and isolated in- 
put makes the amplifier applicable to computing as well as 
servo designs. Internal limiting prevents overdrive for 
high input signals. Operates on 28 volts d-c with internal 
protection against d-c line transients. MIL-E-5272 en- 
vironmentals. Control Technology Co., N.Y., N.Y. 
Circle No. 217 en Inquiry Card 


Pulse Power Calibrator 


Precision instrument directly measures radio frequency 
peak pulse power with greater accuracy than heretofore 
achieved by other than calorimetric means. The functions 
are independent of duty ratio. Display, essentially a notch- 
wattmeter, is free from parallax. It can be used for accur- 
ate calibration of attenuators and for measuring the inser- 
tion loss of cables and other RF components. Range is 
925 to 1225 mc; —10 to 63 dbm. Power measuring accur- 
acy is within 0.5 db. Relative accuracy when measuring 
attenuation is within 0.1 db. General Communication Co., 
Boston, Mass. 
Circle No. 171 on Inquiry Card 


Random Signal Meter 


True root-mean-square voltmeter with long averaging 
time, high peak factor, and extended frequency _response 





is said to be the first such unit designed specifically for 
high accuracy random signal power measurement, either 
frequency filtered or broadband. Features include: an 
exceptionally high peak factor; selectable time constants 
of 0.5 second and 16 seconds; wide frequency range be- 
tween 1 cycle and 500 kc; 18 voltage ranges between 0.5. 
millivolts and 250 volts, extra amplifier and meter outputs, 
and built-in line regulation. Flow Corp., Arlington, Mass. 
Circle No. 174 on Inquiry Card 



























LAT b are AR aw OF COSINES ities 
~ ' S Ls 
0 co q c0Sx=C0s b cos a + Sateen 
\_Jsin b sina cos AX sin X COS X 
Nes 7 
a 
LAT a 
@  XRANGE sine sinx cose-sinb 


LAW OF SINES 
sinb sin AA= 
sinx sine 


SINAA COS 6 = O 
= BEARING 





LONG a-LONG b=AA 











Feedback Winding Resolvers 


Size 8 feedback winding resolvers, designed for use 
with transistorized amplifiers, permit the solution of 
spherical triangles in a cascaded resolver chain. Dia- 
gram indicates functions of spherical triang!es which 
can be produced. More complex trigonometric funce- 
tions, as well as systems involving coordinate axis trans- 
formation can be generated with the use of these 
resolvers. Accuracy: Functional error 0.1% or less; 
winding perp. + 5’. Electrical characteristics: Input 
voltage 15v 40 cycles (stator); output voltage 13.7v 
(rotor); phase shift (stator as primary) 20.5°; output 
voltage 13.7v (compensator); Zro 234+4J596; Zso 
2444-j548; Zeompensator 237+ j553; max. null voltage 


1 mv/v. Clifton Precision Prods. Co., Upper Darby, Pa. 
Circle No. 86 on Inquiry Card 
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For simple 
or complex 
circuit controls — 
single-pole to eight-pole, 
double throw. 


Choice of 
two-, three-, or five-position toggles 
in various combinations 

of momentary and 
maintained actions. 


Basic switches 
meet MIL-S-6743 
and MS-25085-1. 


Electrical Ratings 

3 amps. 30 v.d-c, 
inductive 

5 amps. 30 v.d-c. 
resistive 

5 amps. 125/250 
volts a-c. 


Free 
Catalog 159 
describes y 
complete line pes 
of UNIMAX SO wi TCRES 
subminiature 
switches. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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600F CONSTANT SPEED DRIVE 


Here’s a drive that powers and controls aircraft alternators in 600F ambi- 
ents. The drive is based on a mechanical traction, variable ratio transmis- 
sion with a mechanical speed control trimmed against an electronic fre- 


quency standard. 


= of the problems and milestone 

achievements experienced by _ the 

Lycoming Division of AVCO Corpora- 

tion in design and development of a 

600F constant speed drive of the me- 

chanical traction type for aircraft alter- 

nators were described by John S. 

Jaquith and C. A. Sandner at a recent 

AIEE Meeting in Seattle, Washington. 

The project was part of the North 

American Aviation, Inc. “Hotelec” pro- 

gram. Summarizing Lycoming’s accom- 

plishments on the pro‘ect, they said the 

fundamental hurdles in developing a 

600F constant speed drive had been 

surmounted: 

@ Power capability at 600F had been 
demonstrated with indications of im- 
provements to come. 

@ Traction transmissions had been con- 

trolled well at 600F. 
Suitable materials and lubricants 
had been found that work together 
at 600F. Typical mechanical com- 
ponents had operated individually 
and in combination at 600F. Ap- 
proximately 90 hours of test at 600F 
had been accumulated, with many 
more at temperature above 400F. 

@ Electronic components and suitable 
circuits had been operated at 600F. 


30 


@ A total of about 5,000 hours of test 
time had been accumulated at this 
temperature. 

The principle work remaining to be 
done, they said, was the development 
and qualification of the final article. 
No major stumbling blocks due to the 
high temperature were foreseen. 

Jacquith and Sandner pointed out 
that traction-type variable ratio trans- 
missions have been around for many 
years and that the roll and toroid ge- 
ometry used by Lycoming (Fig 1.) is 
not new. The U. S. Patent files show 
this geometry as far back as 30-50 
years ago. But, to apply this type of 
transmission as a constant speed drive, 
automatic speed controls were required 
to adjust the roll position for main- 
taining constant output speed. De- 
signing the transmission and controls 
to operate reliably at 600F presented 
many problems. 

The initial Lycoming constant speed 
drives used all electronic speed con- 
trols with electro-magnetic clutches or 
servo motors serving as the “muscles” 
to steer the transmission rolls. These 
initial models were qualified for “oil- 
in” temperatures of 300F continuously, 
and 365F intermittently. While the 





Fig. | 


iable ratio transmission used by Aveo 


Geomeiry of traction type var- 


Lycoming Division in design of a 
600F constant speed drive. The roll 
and toroid geometry employs two ad- 
jacent flywheel members called “tor- 
oids” which are concentric about the 
drive axis. Adjacent surfaces of the 
toroids are dished to form a toroida! 
space. Rolls are mounted in yokes fas- 
tened to a fixed cage within the toroidal 
space and contact each toroid. Power is 
transmitted from one toroid to the other 
through friction because the rolls are 
mechanically squeezed between the 
toroids, The rolls are easily “steered” 
from one roll ang’e to another to vary 
the speed ratio. The steering technique 
is similar to that used to steer automo- 
biles or bicycles. Forces required to 
change speed ratio are thus very low. 


transmission operated at these tem- 
peratures, the electrical control box 
was only required to operate at 257F 
or below during the test. For a con- 
stant speed drive to operate with 
everything at 600F, the electrical con- 
trols had to be uprated in temperature 
much more than the transmission. For 
this reason, a mechanical speed con- 
trol trimmed against an electronic fre- 
quency standard was chosen as the 
most logical approach for the 600F 
application. 


REQUIREMENTS FOR 600F 


Requirements for design and develop- 
ment of the 600F system were reported 
as follows: 

@ The various parts had to be made 
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of materials whose strengths are suit- 
able for the temperature and that are 
compatible with the lubricant. 

@ The lubricant had to be thermally 
stable and resist oxidation at the ele- 
vated temperatures. In addition it had 
to be a good lubricant for gears and 
bearings, while providing high friction 
coefficients for the rolls and toroids to 
transmit power. 

@ The various mechanical parts had 
to function properly in spite of thermal 
expansion and changes in moduli of 
elasticity with temperature. 

@ The electrical trim control was re- 
quired to incorporate a frequency 
standard capable of holding frequency 
well within the tolerance of the con- 
stant speed drive. Electronic com- 
ponent parts had to be uprated to 
operate in the 600F ambient plus the 
temperature rise of the trim control 
itself. A trim actuator which could 
compare the frequency characteristics 
of the frequency standard with the 
output speed and effect a corrective 
action on the primary speed control 
was also required. 

@ The parelling control was required 
to incorporate a high temperature 
phase sensitive switching circuit using 
specially developed relays as well as 
uprated electronic component parts. 
Additional switching logic circuits were 
required to provide a completely auto- 
matic system. 


TRANSMISSION MATERIALS 


The state of the art on materials suit- 
able for 600F operation and higher is 
well advanced. The problem in selec- 
tion of materials for the transmission 
and the mechanical primary control was 
finding materials with suitable strength 
and wear characteristics that would 
work well with the chlorinated silicone 
fluids necessary for adequate power 
transmission. Testing programs showed 
the following materials to be suitable: 

Rolls and Toroids—Ferrovac Halmo 
and T-5 Rex Supercut 

Gears—Nitrided inco 5% Ni-2% Al 
Super Nitralloy and M-10 high speed 
tool steels 

Bearings—Races and Balls—Ferrovac 
Halmo, M-50 tool steel, 440C Stainless 
Steel 
Cages—Chrome plated S-Monel, iron- 
silicone bronze 

Gear Type Pump Elements—Nitral- 
loy, M-10 tool steel, in a Meehanite 
housing 

Housings and Covers—321 Stainless 
Steel Weldments 

Structural Parts—Vascojet 1000 

Springs—Inconel X 

Shaft Seals—Graphitar against flame 
plated tungsten carbide 

Gaskets —Duroid 5600, 
Manhattan A56 


Raybestos 
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TRANSMISSION LUBRICANTS 


Lubricating and cooling fluid was re- 
ported to be an important element in 
the power capability of a traction type 
transmission. The principle fluid used 
for 600F testing was General Electric 
F-50 with a blanket of nitrogen. Nitro- 
gen prevents oxidation at the elevated 
temperatures. This fluid is also used 
in the lower temperature traction trans- 
missions without the nitrogen. At the 
elevated temperatures, the F-50 fluid 
gives the proper power capability to 
the transmission and is compatible with 
the transmission materials. Other ma- 
terials that show promise are being 
tested. 


POWER CAPABILITY 


The power capability of a traction type 
transmission was found to be essen- 
tially the same over the temperature 
range up to 600F. Early tests showed 
a decrease in power with increased 
temperature. Investigation revealed that 
the Hertz contact stress between the 
rolls and toroids decreased as _ tem- 
perature was raised due to decreases 
in the modulus of elasticity of the 
various parts. The centrally located 
“load bolt” preloads the toroid thrust 
bearings to provide squeeze on the 
rollers for traction. As temperature 
rose, the modulus of elasticity de- 
creased in the load bolt as well as the 
rolls and toroids to reduce squeezing 
force. In addition, the decrease in 
modulus gave less Hertz stress for a 
given force. Testing at various tem- 
peratures with constant Hertz stress 
showed that the power capability re- 
mained essentially the same. 

To provide constant Hertz stress 
over the temperature range, the de- 


signers used a load bolt of low thermal 
expansion. The effect was that the pre- 
load increased due to thermal expan- 
sion of the toroids and rolls to offset 
decreases in the modulus of elasticity. 
In addition, they used a “ball screw” 
as a “variable thruster” to convert 
overload torques to additional squeeze 
force. When this is in operation, ther- 
mal expansion and modulus of elas- 
ticity changes have no effect on the 
squeeze force. 


MECHANICAL PRIMARY CONTROLS 


The primary speed control loop em- 
ploys a conventional type flyball speed 
sensor feeding into a mechanical trac- 
tion type velocity actuator which 
moves the transmission rolls. The actua- 
tor (Fig. 2) produces an _ output 
velocity that is a function of speed 
error for isochronous control. Speed 
load droop is achieved by biasing the 
speed sensor spring with an output 
torque signal, so that the speed will 
fall off with increased load. The elec- 
tronic trim actuator shifts the actuator 
null point by means of a differential 
between the speed sensor and_ the 
actuator. 

For operation of this control over a 
wide temperature range, thermal ex- 
pansion of parts and changes in modu- 
lus of elasticity of the governor spring 
were arranged to offset each other. The 
prime consideration was to keep the 
overall effect due to temperature mini- 
mized. Alternator frequency should not 
shift as a result of temperature effects 
in the primary control. Individual com- 
ponents (transmission, speed sensor, 
actuator, etc.) could be allowed to 
shift individually, but the combination 
of components together could not. 
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Fig. 2—Mechanical traction-type ve'ocity actuator moves the transmission rolls. 
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SYSTEMS DESIGN 


ELECTRICAL TRIM CONTROL 


Trimming a device such as the Lycom- 
ing mechanical traction type transmis- 
sion to very close output speed in- 
volved three basic problems. The first 
was the type of actuator to be used, 
the second was designing an accurate 
standard for comparison, and third, an 
amplifier to run the actuator. While all 
of these things would be relatively 
simple problems if the 600F ambient 
temperature were eliminated, they pre- 
sented very trying problems to the 
designer who had to make them work 
throughout the range of temperature 
ambients specified. 


ACTUATOR 


Several types of actuators were con- 
sidered. A servo motor actuator con- 
sisting of a two phase inductance mo- 
tor driving the output shaft through 
a gear train was first considered. It 
offered a straight forward approach 
since work had been done on servo 
motor designs for this specific ambient 
temperature range. A second appreach 
was electromagnetic torque motors 
similar to force motors used on hy- 
draulic servo valves. This device was 
simple enough that extending its oper- 
ating temperature range to the high 
temperature requirement meant simply 
a change of materials such as wire, 
insulation, and bearings. A third ap- 
proach was using electromagnetic servo 
clutches such as were used in Lycom- 
ings Model XLD-1 transmission and 
very extensively in automatic pilots. 
These presented problems of scaling 
the materials to the temperature re- 
quirements, but Lycoming had already 
operated clutches to 450F and ma- 
terials existed that could possibly ex- 
tend this range even further. A fourth 
method considered was using two 
synchronous motors driving a differen- 
tial gear system, generally referred to 
as differential frequency comparators. 

Choice was based on: first, which 
device had the best chance of earliest 
completion, second, the method best 
adapted to systems of frequency com- 
parison and, third, the method of trim 
that would be most compatible with 
the mechanical control both in installa- 
tion problems and dynamics. 

The servo motor actuator was con- 
sidered to have the best chance of 
early completion. It could be used in 
a frequency discriminator amplifier 
circuit with rate generator feedback 
compensation, and could be geared and 
damped to a wide selection of con- 
ditions. The main stumbling block in 
this choice was what type of frequency 
discrimination could be used. The 
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method would probably have to be 
one using either L-C or R-C type 
passive networks, and its accuracy 
would depend upon successfully com- 
pensating these networks for the tem- 
perature conditions. 

The differential frequency compara- 
tor was considered next most likely to 
succeed early in the program. Design 
of a synchronous motor for the ambient 
temperatures was not considered great- 
ly different from the design of the 
inductance motor in the first approach. 
Development of the differential gears 
was considered a very difficult prob- 
lem. However, since the entire pro- 
gram depended upon high temperature 
gear materials and bearings, this was 
not considered impossible. The particu- 
lar appeal it offered was its ease in 
application. One motor could be run 
directly from the aircraft electrical sys- 
tem and thus be an accurate measure 
of output speed since the motor speed 
depended only upon power frequency 
over a wide range of voltages. The 
second motor could be run from a con- 
stant frequency oscillator-amplifier em- 
ploying an accurate frequency stand- 
ard. Discrimination would occur in the 
differential gearing since its output 
speed and direction would depend 
upon motor speed or frequency dif- 
ference alone. Voltage would only ef- 
fect torque in this case, and could be 
kept constant enough to avoid slippage 
errors. 

Both the torque motors and servo 
clutches were considered weak third 
and fourth place devices. While suc- 
cessful high temperature torque motors 
had been developed, and the chances 
were very good for servo clutches, they 
both presented the same type of prob- 
lems. One, they required the use of an 
electrical frequency discriminator using 
passive networks as in the case of the 
servo-motor; second, both would re- 
quire a d-c amplifier; and third, both 
would require a method of integration 
to prevent hunting between the normal 
steady state frequency condition and 
the trimmed frequency condition. Al- 
though classical methods of follow-up 
feedback or passive lead-lag networks 
were indicated as possible solutions, 
the temperature ambients would have 
made the problem extremely difficult. 
The amount of d-c amplification neces- 
sary in the presence of feedback to- 
gether with the problem of tempera- 
ture compensating the follow-up or the 
passive network discouraged this ap- 
proach. 

The differential frequency compara- 
tor was selected over the servo motor 
approach because of the simplicity of 
deriving an output motion at a rate 
proportional to frequency error. The 
actuator in its earliest form consisted 
of two size 20 synchronous motors 


and an instrument size set of differen- 
tial gearing. The line motor is a three 
phase 115 volt motor. Each motor con- 
sumes a maximum power of 40 watts. 
The motors employ insulation and wire 
capable of 850F operation to allow 
for their own rise. Development of 
this actuator was _ subcontracted with 
the John Oster Manufacturing Co. 


FREQUENCY STANDARD 


In view of the choice of actuator sev- 
eral frequency deviation detection 
schemes were automatically eliminated. 
They all fell into the passive network 
class such as the balanced discrimina- 
tor using either R-C or L-C networks, 
the parallel-T networks, and _ phase 
detection over an L-C network. All 
of these employ R, L, and C compo- 
nents in various combinations, the 
products of which are a contributing 
factor to frequency accuracy. Fairly 
good accuracy and_ sufficiently low 
temperature coefficients could be found 
in some of the film-type resistors which 
on a first glance made the R-C type 
circuit look quite attractive. Capaci- 
tors for 600F and higher were limited 
to several types of mica capacitors. 
These in general were considered poor 
from a temperature coefficient view- 
point and to make matters worse, are 
subject to aging changes with tempera- 
ture cycling. While aging gaps are 
closed with added cycling and it ap- 
peared that several cycles would stabi- 
lize the capacitors value, nothing was 
in sight to improve coefficients. Further 
development of deposited quartz and 
ceramic units presented a little hope, 
but units of this type were not avail- 
able. Inductors were subject to wide 
variations with temperature in general 
and very little had been done by the 
industry to improve the situation. Ly- 
coming had done a small amount of 
work on compensated inductances and 
believed the answers lie in the core 
materials and air gap compensation 
more than in the inductor configura- 
tion and methods of winding it. Accu- 
racies indicated were in the order of 
less than one percent over the minus 
65F to plus 650F range. In view of 
these facts, compensation of a tuned 
frequency network appeared discourag- 
ing for the immediate future. Lycom- 
ing believes, however. that these net- 
works must be considered as_ likely 
methods in any future considerations 
since the state of the art is rapidly 
being improved. 

Of the active oscillator frequency 
determining components considered, 
crystals and tuning fork resonators were 
given the most serious consideration. 
Although long half-life radioactive ma- 
terials and master oscillators were 
considered as possible reference stand- 
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Fig. 3—Schematic diagram of fine frequency trim control. 


ards, they were eliminated because of 
the time limit imposed on the project. 
The designers did not feel that the 
state of the art of either was far 
enough developed. Between crystals 
and tuning fork resonators, the latter 
were chosen for two reasons. One was 
that the crystal manufacturers were 
not very optimistic as to what could 
be done with known oscillating mate- 
rials; the second was that tuning forks 
employed no more difficult materials 
than transformers, inductors, and re- 
lays and thus stood an excellent chance 
of success. The present design uses a 
bimetalic fork with ceramic bobbins 
wound with ceramic coated silver 
plated copper wire (Fig. 3). Results 
were encouraging although a frequency 
error hump of 0.5 percent occuring 
between 450F and 600F was experi- 
enced. Believing that the answer lies 
in the bi-metalic materials, Lycoming 
is conducting extended temperature 
range tests on modulus of elasticity. 
One major problem in such a develop- 
ment is that much basic information 
on materials is not available for the 
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extended ranges of temperature of this 
program. This development is being 
done under subcontract by the Bulova 
Research and Development Labs. 


AMPLIFIER 


The amplifier used was concerned only 
with stepping up the output of the 
tuning fork oscillator to the 115 volt 
40 watt condition imposed on it by the 
frequency comparator. A _ single-fre- 
quency low-response-rate amplifier was 
sufficient. Ceramic tubes were used in 
this design because they were available 
and preliminary tests indicated they 
were reliable and rugged enough to 
do the job. Semiconductor amplifiers 
were out of the question for these tem- 
perature conditions because available 
silicon transistors were limited to 150 
to 175C operation. Conventional va- 
cuum tubes were ruled out, although 
several of the special hard glass types 
stood up remarkably well under high 
temperature test. Magnetic amplifiers 
were out of the question because of 
the lack of sufficient excitation power 


in this case. Lack of solid state recti- 
fiers ruled them out. 

Conventional amplifier techniques 
were employed in the interest of de- 
sign simplicity. It was felt that the 
component parts of the amplifier pre- 
sented enough of a problem under the 
temperature requirements. The great- 
est problem was in developing the 40 
watts of output power with the tubes 
available. Four Bendix TE-31’s were 
finally used in a_ push-pull-parallel 
Class-B amplifier. Sufficient reserve 
power could be developed to drive the 
synchronous motor over the tempera- 
ture range. In the interest of weight 
and size reduction, by-pass capacitors 
were eliminated in all cases where it 
could be tolerated and d-c filtering 
was reduced to a bare minimum. A 
toss-up occurred in whether to use a 
transformer or a phase inverter to 
drive the Class-B amplifier. A trans- 
former was considered the more relia- 
ble, although tests on the phase in- 
verter were considered encouraging. 
Weights were about equal. 


AUTOMATIC PARALLELING CONTROL 


Automatic paralleling of alternators on 
the bus was considered a part of the 
program. To avoid severe mechanical 
transients on the transmission and elec- 
trical line transients, synchronization 
before closure of the second line con- 
tactor was considered necessary. This 
involved getting both alternators on 
the same frequency and closing the 
contactor when they were in phase. A 
common tuning fork resonator was used 
in both amplifiers resulting in a com- 
mon reference and no danger of beats. 
A phase detector closed the paralleling 
relay. Response of the relay to off-fre- 
quency a-c components was filtered out 
by selection of resistor and capacitor 
values. Compensation was not critical 
in this case. 

The only new components intro- 
duced in the paralleling control was 
relays. They were subcontracted with 
the Price Electric Company for design 
and development. Relays perform the 
paralleling operation and provide cross 
connection of control to provide start- 
ing of either alternator first. All parallel- 
ing is performed through the alternator 
control panel to prevent false com- 
mands. Static switching circuits were 
ruled out in this case for the sake of 
simplicity and because _ satisfactory 
semiconductor rectifier and transistors 
suitable for this action were not avail- 
able. Jaquith and Sandner pointed out 
that the state of the art of semicon- 
ductors such as silicon carbide and 
galium arsenide is rapidly moving for- 
ward and would possibly be given 
favorable consideration at a later date. 
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DESIGN PROCEDURES FOR 
SATURATING LINEAR SERVOS 


by D. A. PIERRE, 
Circuit Development Section 
Hughes Aircraft Co. 


Increasingly stringent performance requirements have 
forced servomechanism designers to include nonlinear 
analysis techniques in their bag of tricks. The simplifying 
assumption of linearity was simply not accurate enough. 
Unfortunately there is no one general method for analyzing 
nonlinear systems. A variety of special purpose methods 
have been developed to suit different types of nonlinear 
problems. The method described here is adaptable to the 
analysis and compensation of saturating servos. It is par- 
ticularly easy to apply in the area it is designed to cover. 
The class of servo problems that will be treated have the 
following essential characteristics: the sensor element has 
a DC output which is linearly proportional to system out- 
put in the null region, but which saturates or is otherwise 





Fig. 1 Sensor Characteristic 


limited in certain other ranges. Fig. 1 shows example of 
this ivpe of sensor characteristic; Fig. 2 illustrates a simple 


| 


Fig. 2 Simple Loop 





























loop in which such a sensor might be employed. The re- 
maining elements in the loop are assumed to be linear. 


APPROACH: 


The theory of describing functions and similar methods of 
handling non-linear servos of the saturation type are cum- 
bersome, if not impossible to apply, in many cases. Some 
non-linear saturation servos which cannot be resolved by 
describing function techniques can be attacked analyti- 
cally from the following piecewise linearization viewpoint. 

If the velocity and the energy stored in any compensat- 
ing networks are known at the instant the servo enters a 
saturated region, then these conditions can be reflected to 
a common input and can be construed as initial conditions 
enforced on an open loop linear system. 

Likewise, if the same conditions are known when the 
servo leaves the saturated region, then they are to be 
thought of as initial conditions in the closed loop linear 
system. Note that since we will be dealing with physical 
motors whose transfer functions can be approximated by 

Ks 
Me ~ $(1 + T.S) ey 
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the acceleration at the boundry of two regions need not 
be continuous. Here’s the general method in which the 
above approach can be used. 


METHODS 


A basic servo loop of the type to be treated, Fig. 2, con- 
tains the following elements: a saturating sensor; a motor, 
M; an amplifier, K,; an equalizer network, Y; and a feed- 
back element, H. This loop can be redrawn as shown in 
Fig. 3 by the following reasoning. When the sensor output 
is in the saturated region, the input is independent of 
changes in output position and the system can be con- 
sidered to be operating the open loop mode, i.e., switch S, 
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Fig. 3 Equivalent Loop 


is open. The switch is closed, however, when the sensor 
output is in the linear region. 

Next, consider what hapvens at the instant $, opens or 
closes. Fig. 3 shows that the effects of the motor velocity 
at that instant can be represented by an 


W, 
i 9 
S+ (1/T2) (2) 


term summed into the loop at point “A”. To treat the 
closed loop problem by the standard transfer function tech- 
niques, all the inputs must be common. The initial velocity 
effect given above can be moved from point “A” to the 
input by dividing it by the product of the transfer func- 
tions included between the input and point “A”. In other 
words, the initial velocity is represented at the input (See 


Fig. 4) by 


(3) 


(Initial Voltage 
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If Y, K,; and Ky are real numbers, this function represents 
an impulse applied to the system input. 

The transfer function of the closed loop system can now 
be written in the usual manner as: 


K, YM 
Gr=T7K, YMA (4) 
The closed loop response function is: 
e, _ WiT> | ~ 
“eee Eo mad OS 5) 
shee 1 Y KK | ” 


where W, is the velocity at the instant of transit from the 
saturated region to the linear region. Note that if the 
switch has been open for considerable time and if Y equals 
unity, then W,; = e,K,K. and 


6, = G,| 2 + ey r, | (6) 


To illustrate the above equations, consider the example of 
Fig. 5. Assuming that the system has been running with 
the switch open for a time much greater than the system 
time constants, 


W, : 


: we 


—_ 40 l | 
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§.(t) — .05 + .103,75t sin(19.4t-0.505) radians 
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— - 


where time is normalized to zero at the instant of transi- 
tion. The above function is plotted in Fig. 6, and is graphi- 
cally compared with the following response that would 
have been obtained if initial conditions had been neglected. 


§,.(t) — 0.05 + 0.0515,75t sin(19.4t-1.82) radians 
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Note that at t = 0.064 seconds in Fig. 6, the sensor output 
passes back into the saturated region. The velocity at that 
instant can be calculated from the slope of the curve and 
is used in turn as an initial condition in the following open 
loop transfer function with time normalized to the instant 


of transition. 
yee 40 0.8 1 
°—§(S+10)}| 40 2S 


6,(t) = 0.33-2(t-0.064) -0.28,-19(t-0-064) 0,064 < t < 0.135 
As can be seen from the curve, the main effect of this 
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transgression into the saturated region is to add more delay | 
in the output response. 


COMPENSATION 


The majority of servo systems use compensating networks 
to improve system response. Fig. 8 and 9 show two basic 
types of compensating networks. The effect of initial ca- 
pacitor charges on the output voltage in these networks 
can be represented by the summing junctions shown. Since 
the effect on the output due to an initial voltage in the 
lead network is opposite in sign to that produced by an 
initial velocity, it might be expected that this type of net- 
work could be used to decrease the initial velocity effect 
at the same time as it alters the closed loop transfer func- 
tion for greater stability. This will now be shown to be 


l+aT,S 
a( 1+ Ti) 


< e, 
C,, 
ae a 
- V,aT 
+ Vv, R, sist, 


1+aT,S 
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Fig. 9 Lag Network 


the case. With use of a lead network in the loop of Fig. 4, 
Y equals 


- 144658 
a ] + T,S | 
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Dual Switch 
PRESSURE-VACUUM 
CONTROLS 


JI7A} H27A 


UNITED ELECTRIC’s Types J17A and H27A Pressure- 
Vacuum Controls are similar units that have been 
designed for applications where it is desirable to 
control two separate circuits at different pressures 
by means of a single control unit. The major dif- 
ference between the JI7A and H27A is that the 
J17A contains an uncalibrated adjustment while the 
H27A has a calibrated dial and single turn adjustment 
knob and pointer for making pressure settings. 





= 











Adjustable Range... .. Various ranges between 30” Hg vac 
and 180 psi limits. H27A is cali- 
brated. 

Switch Differential... . — pre-set for values of 1” Hg to 
1 psi, dependent upon model. 

Differential Between Factory pre-set for values of 3” Hg to 

EE. 65 tas 4 psi, dependent upon model. 
Switch Ratings ...... Up to 15 amps. at 115 or 230 volts 


A.C. 20 amp. A.C. or D.C. switches 
also available. 


Switch Types ....... N.O., N.C., or Double Throw — no 
neutral position. 








Maximum Pressure .. . 
Electrical Connections . . 


Up to 180 psi. 





Lead wires attached to internally 
located terminal blocks via a 7%” 











opening. 

Pressure Connections ..| Viaa 14” female NPT on the bellows 
housing. 

re Die cast aluminum with a black 
wrinkle finish and a brass bellows 
housing. 

Mounting ......... J17A — Via pressure connection. 





H27A — bro coma connection or 
holes in two dog ears. 





UNITED ELECTRIC manufactures a complete line of 
temperature, pressure, and vacuum controls. For 
special applications, standard units may be modified, 
or custom-built units can be provided. For addi- 
tional data on standard pressure-vacuum controls, 
including Types J17A and H27A, request Section 
300 of our new catalog. 


United lect Controls 
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‘OFF THE SHELF’? 


Precision Components 
at Low (ost 
Special Offerings 


ANALOG-DIGITAL CONVERTERS 























@ PRECISION 
POTENTIOMETERS 
Single-turn Multi-turn 


© SYNCHROS 
@ SERVO MOTORS 
@ SERVO MOTOR 


EPSCO DATRAC Voltage to Digital 
GENERATORS Converter Model B 
e Input +10 V 
e Output 11 bit binary including sign 
@ TACHOMETER H gh speed-approximately 45,000 
GENERATORS conversions per second 


e Accuracy +.05°, +15 the least 


Significant digit 





e@ GYROS e Reversible—digital input. analog ouput 
The Standard in the industry—see 
@ SERVO July issue Electromechanical Design 
COLEMAN DIGITIZER— 
AMPLIFIERS Shaft Pos‘t‘on to Digital Converter 
Mod<l A 4DT-S9 } 
@ GEARS & e Decimal Output 0-9,999 
e 100 counts per shaft revolution 
PRECISION °_ 10 million revolut‘ons at 
5 M with a make-break load 
GEAR UNITS o* 28 VOC at 250 MA. 
6 LIMITED QUANTITY OF NEW EPSCO 
PRESSURE AND COLEMAN UNITS AVAILABLE AT 
TRANSDUCERS GREAT SAVINGS. WRITE FOR FUR- 


THER DETAILS AND PRICES. 


ELECTRONIC ASSOCIATES 
VARIPLOTTER MODEL 205J 
One unused unit available $4980 


SEE OUR OTHER AD ON PAGE 36. 


Write for complete catalog t 


PLymouth 9-2875 


SERVO SYSTEMS. 


14 CARMER AVENUE BELLEVILLE 9, N. J. 
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© "SERVO-KIT" 


@ "SERVO-SPEED 
TORQUE-UNIT" 




















Compression & Tension Type 


Aircraft cable is strung with spherical steel 

shells in a rigid or flexible housing sealed 

with “O” rings. 3” standard bend radius. 
/  %” minimum bend radius. 


Three Types: 

1. Light Duty—Compression Ult. Load 1250 
Ibs.; Ult. tension 960 Ibs. 

2. Heavy Duty—Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 


3. Extra Heavy Duty— Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 Ibs. 











Positive remote controls for actuating mechanical, hydraulic i, 
or other devices. Eliminate bell cranks, pulleys, and dua 
cables. U.S. Patent No 2441719. All world rights reservea 
Send for ENGINEERING MANUAL giving complete speci- 
neations covering materials, finishes, capacities. riease 


uddres« Dept. EMD-PP-59. 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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and the total equivalent voltage at the input is, 

a a” We 

S K,K.Y 1+ aT,S 

where V, is the initial voltage across the condenser in the 

lead network and W, is the initial velocity of the motor. 
If, as above, we assume that the servo has been running 

in the open loop mode for considerable time, then 


hi (7) 


a— 1] K, Kae 
V; e, and \ — ' Thus, 
a ‘a 
r e; €,T.(1 + T,S) ,o1 (a—1)T, 
a 1+ aT,S 1+ aT,S 
. Qe, &/ (a—1) (aT, — T.) ; 
Ey et al | ‘2— 1+ aT,S (8) 


For effective compensation of the closed loop transfer 
function, aT, is usually made slightly smaller than or equal 
to Ts. When aT, equals T., equation (8) reduces to 

E, = e, [(1/S) + (T./a)] (9) 

A comparison of this equivalent input to the one found 
in equation (6), shows that the input equivalent of the 
initial velocity impulse was reduced by a factor of “a”. 

To illustrate the above, consider the previous example, 
Fig. 5, with a lead network 

y 1 (1 + 50S) 
="5 (1 + 10S) 
in the forward loop. K, must be increased by a factor of 5 
so that W, equals two radians per second as before. Com- 
bining equations 4 and 9, 


109 + 28 


95) 4 


= : —— 
S[ (S lt 19] 
6(t) — 0.05 + 0.06e-7°t sin (37.2t-2.16) 
0.054e72%t sin (37.2t) 


This response and the response of the same system with 
no initial conditions taken into consideration are plotted 
in Fig. 7. A comparison of Fig. 6 with Fig. 7 illustrates the 
benefit obtained by lead compensation. 

From the “conditions at transition” viewpoint, use of lag 
compensation in a servo of the type treated would be 
detrimental because the initial voltages in the lag network 
tend to aid the initial velocity, thus causing large over- 
shoots. Lead network compensation on the other hand 
tends to sharpen the response. The optimum lead network 
to be used is governed mainly by the desired closed loop 
transfer function. 


SUMMARY 


The block diagram method for treating a saturation servo 
problem can be summarized in the following steps: 1) 
Place an imaginary switch in front of the saturating ele- 
ment. 2) Replace the initial conditions present in the loop 
at the throwing of the switch by equivalent conditions at 
a common system input. 3)By standard techniques, de- 
termine two system transfer functions, one when the switch 
is open and the other when the switch is closed. 4) Com- 
pensate the transfer functions by classical or root locus 
techniques and simultaneously minimize ill effects caused 
by initial conditions. 

In the preceding analysis, saturation was assumed _ to 
take place in the sensor element only. Actually in many 
cases, the saturation results in the amplifier or the motor. 
In order to treat this type of system solely by the above 
procedure, it would be necessary to limit the sensor output 
at a level low enough to make the saturation in other 
parts of the system negligible. 
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COMPLETE SERVICEABILITY 
IN A MINIATURIZED POWER PACKAGE? 


Who needs it? . . . just the poor guy who may, one day, 
accidentally cross his wires or make the wrong connections in 
an otherwise perfect system. He’ll switch on the current, 

hear a POOF! and watch a cloud of smoke curl lazily skyward 
from ground zero — a burned out power source. 


When he opens the case, our engineer will see all the components- 
Capacitors , diodes, even the transformer hopelessly 

buried in a potted mess . . . shockproof and unfixable. Locating, 
checking, replacing a burned out component 

calls for a kind of delicate pottelectomy . . . and all he can 

do is file the experience and junk the supply. 


Sad, sad story? It doesn’t have to be. If the power supply is an 
Elasco transistorized Minisource®, the surgery will be 

simple, quick and successful. Just as shockproof as the potted 
source, but completely serviceable, the Minisource* 

has its components neatly and securely mounted on a printed 
circuit board — easily accessible for replacement or repair. 


COMPLETE SERVICEABILITY? WHO NEEDS IT? 
ONE DAY YOU MAY...ANYBODY CAN MAKE A MISTAKE, 
OR BE DISTRACTED. IN THE MINISOURCE® 
COMPLETE SERVICEABILITY COSTS YOU NOTHING. 


ELECTRONIC ASSEMBLY COMPANY, INC. 


FIVE PRESCOTT STREET, ROXBURY 19, MASSACHUSETTS 
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TRANSISTORIZED AC TO DC 
_ELASCO MINISOURCE® 

POWER SUPPLIES 
FIXED AND SEMI-VARIABLE 
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1 if 
irc pesily improved ef MODEL VOLTAGE | CURRENT CASE SIZE MODEL VOLTAGE CURRENT ~—_CASE 
. less heat per watt 
Mit cauer losses. | co: ‘M4.5-50 4.5v. 50 ma B V4-50 3-6v. 50 ma 8 
teansformer and rectifier losses .. . M4.5-100 4 Sy. 100 ma B V4-100 3-6v. 100 ma B 
time . . . longer life. M4.5-250 45y, 250 ma B V4-250 3-6v. 250 ma B 
SERVICEABILITY M4.5-500 4 5yv. 500 ma B V4-500 3-6v. 500 ma 8 
| components [yee sont for checking a “ M6-50 6v. 50 ma A V8-50 5-10v. 50 ma A 
ement . . . potting has been eliminat M6-100 6v. 100 ma A V8-100 5-10v. 100 ma A 
a a pecscie’ ee ee A ¥8-250 510. 250ma_—Sss 
| M6-500 6y. 500 ma B ¥8-500 5-10v. 500 ma E 
“iC HEAT ee ae M12-50 12v. 50 ma A ¥12-500 10-15v. 500 ma B 
complished by mounting the power tran - M12-100 12v. 100 ma A V15-50 10-20v 50 ma A 
the et ter of the black -— ; 
ed aluminum sacking Gin beconec > SSS 12v. 250 ma B V15100  10-20v. 100 ma B 
efficient black body radiating heat sink . 4112500 12v. 500 ma B V15-250 10-20v. 250 ma £ 
3 eo £ oe * - % % 
evs fe and fone ike pertormance ak | Mee Oty. 50 ma A V18-500. —-15-20v. 500 ma E 
M22-100 22v. 100 ma B ¥22-500 20-25v. 500 ma B 
: M22-250 22v. 250 ma B V25-50  —s_-20-30v. 50 ma A 
the supply without affecting M25-50 25. $0 ma B v25-250 20-30v. 250 ma B 
) M25-100 25v. 100 ma BR. 28-500 25-30v. 500 ma . 
ard, Minisource® power supplies are 25-250 (bv. 250 ma B V32-250 _3035v. 250 ma 8 
nnished with an octal ass to metal header 
ther terminations wtnleble upon request) 500 ma B V35-50  30-40v. 50 ma B 
d packaged in a black anodized aluminum 50 ma 2 V35-100 30-40v. 100 ma B 
wstormer Byles There is no extra charge 100 ma “] 38-250 35-A0v. 950 ma BI 
250 ma 8B ¥42-250 40-45v. 250 ma ¢ 
590 ma 8 ¥45-50 40-50v. 50 ma B 
 -50ma B V45-100 40-50v. 100 ma B. 
_100ma. B V48-250 45-50v. 250 ma C 
__250ma B  V65-50  —_-60-70v. 50 ma B | 
_400.ma 8 V65-100 60-70v. 100 ma By 
_50ma = ‘W/550 -_—_—-70-80v. 50 ma B 
ee V75-100 70-80. 100 ma B 
%, mm | 
used Floating, Positive, or 100 ma ab i 
adjustment on top of semi- : ; et Mom c CASE SIZES : 
gt | “W200:100 200. 100 ma C “i 








AC VOLTAGE REGULATORS are small and cool running... . .. . full 
semi-conductor design . . . and not frequency sensitive. Output voltage is a 
constant average and may be made variable over a small range. Wave form 
is not a sine wave. 

STANDARD MODELS 


Frequency: 55-65 cps Output 

Input Voltage: 105-125 VAC VOLTAGE CURRENT 
Regulation +1%, half load to full load 115 VAC, lamp. 
Dimensions: 434” wx 534” hx 5” d . 6.3 VAC, 10 amps. 
Meets MIL SPEC. MIL-E-5282A . 12.6 VAC, 5 amps. 


DC-DC MINIATURIZED CONVERTERS. ELASCO has designed and manufac: 
tured DC-DC converters — standard, and special purpose units to customers’ 
specifications. 


Minisource converters are completely transistorized and have no moving 
parts, such as make and break contacts; consequently, they provide longer 
life — maintenance free, excellent shock and vibration characteristics, im- 
proved operating ratios and efficiency — in a smaller, lighter package. All 
supplies are short circuit proof. 


STANDARD MODELS (unregulated) 
MODEL INPUT VOLTAGE OUTPUT VOLTAGE CURRENT CASE SIZE 
D125-100 12 VDC 125 VDC 100 ma 








D150-100 12 VDC 150 VDC 100 ma 
D250-100 12 VDC 250 VDC 100 ma 
D300-100 12 VDC 300 VDC 100 ma 











SPECIAL UNITS 
Example: Power supply for commercial pleasure craft marine radar system. 


Inputs: 12VDC,9.6amps., 115 watts...... ,0Fr 
32 VDC, 3.6 amps., 115 watts 


Outputs: +1500 VDC, 1 ma 
—1500 VDC, 1 ma 
+300 VDC, 225 ma 
+150 VDC, 75 ma 
—150 VDC, 4 ma 

6.3 VAC, 1 amp 


All outputs unregulated except for —150 VDC, 4 ma which was regulated 
to 2%. 


Efficiency: 77% Size: 5” x 7” x 6” 


A prototype was delivered in less than 30 days after receipt of order 











RACK AND CABINET 








ELASCO can package power supplies in any 





MODEL POWER SUPPLIES 


























2R30-1.5A | 











+ ema ner mn AL NI RTS POTN 
MODE, 820-90 Hi 








way the customer may desire (within reason), G 

and to comply with military requirements. Spec- = 

ifications and illustrations of several rack and ‘ 

cabinet models are shown on this page. Units, ~ 2822 & 2 

once specials, are now available as standard ep nena 

models. ne i 

el R20-90 

MODEL INPUT OUTPUT CASE SIZE 
2V70-50 115VAC60 cps +70 volts @ 50 ma * —70 volts @ 50 ma D 
2R30-1.5A 115VAC60 cps +0 to 30 volts @ 1.5A * —0 to 30 volts @ 1.5A Rack mounted 
PC-4000 115VAC60 cps +-6V @ 500 ma * + 10V @ 500 ma + 10V @ 500 ma * 29.5V @ 500 ma Laboratory Power Case 
PC-4001 115VAC60 cps 3-6V @ 250 ma + 15-25V @ 500ma * 15-25V @ 1A * 10-20V @ 2A Rack mounted 
PC-3001 115VAC60 cps +6V @ 2A* —6V @ 1A* —18V* 2A Rack mounted 
2E30-100 115VAC400 cps +30VDC @ 100 ma * —30VDC @ 100 ma MIL Spec Module 
RM150-500 115VAC60 cps 150V @ 500 ma Rack mounted 
E60-175 115VAC400 cps 60V @ 175 ma MIL Spec “B” 
M115-1A 115VAC60 cps 115V@ 1A Small Power Case 
FR30-1A 115VAC60 cps 115V@ IA Small Power Case 
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Figure 1. 


CHEMICAL AND ELECTRO- 
CHEMICAL POLISHING 


Time-Saving Technique 
Solves Difficult Problem 


R. L. Borenstein 
Air Arm Div., Westinghouse Electric 
Baltimore, Md. 


During the past few years both chemi- 
cal and electropolishing procedures 
have received great impetus in use as 
replacements for buffing in the decora- 
tive finishing of metals. Very recently 
these procedures have been applied to 
removal of burrs from machined metal 
parts. The use of each of these proc- 
esses in the solution of particularly 
difficult problems is discussed here. 


CHEMICAL POLISHING 


The electrical performance of certain 
components in microwave wave guide 
systems is so critical that it is not pos- 
sible to obtain consistently reproduci- 
ble results on successive parts using 
conventional fabrication techniques. 
One such part, a continuous wave filter, 
is fabricated from aluminum alloy. 
Machine milled sections and extruded 
waveguide are joined by a dip brazing 
process. The complete assembly is then 
processed to the required electrical per- 
formance by immersion in a chemical 
polishing solution. The filter is proc- 
essed as follows: 

@ Aluminum alloy plate is machine 
milled to form the center section of 
cavity assembly. 

@ Side plates are assembled by dip 
brazing. 
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Figure 2. Wire 
formed (right). 


@ Cavity assembly is chemically pol- 
ished in MacDermid Aluminum Bright 
Dip #2 maintained at 180F for 1 to 
2 minutes. This smooths the fillets 
formed in dip brazing and _ precleans 
assembly for next operation. 

@ Shaped waveguide, mounting flanges 
and cavity assembly are mounted into 
a fixture, tack welded together and 
electrically tested. 

@ If electrical performance is satisfac- 
tory, the assembly is joined by dip 
brazing. 

@ If performance is unsatisfactory, 
minute changes are made by further 
chemical polishing or by hand adjust- 
ment until performance is within spe- 
cification. Filter assemblies 
dip brazed until they 
electrical performance. 

After the flux has been removed 
from the assembly, it is again tested for 
electrical performance, since the hig 
heat necessary for brazing effects mi- 
nute changes in location and dimen- 
sions of the individual sections. 

If performance has changed, the 
complete assembly is chemically pol- 
ished for two minutes and _ retested 
(Fig 1). This procedure is repeated un- 
til a satisfactory filter assembly is pro- 
duced. 


are not 
exhibit correct 


ELECTROPOLISHING 


All parts in precision hydraulic systems 
which are exposed to fluid flow must 
be deburred of projections which may 
break off and either restrict fluid pas- 
sages or restrain motion of moving 
parts. It has been standard procedure 
to remove these projections by the use 
of hand manicuring, dental power tools 
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Electropolished (left). 


or barrel tumbling. In recent years, 
the characteristic ability of electro- 
polishing solutions to effect leveling on 
metal surfaces has been put into use 
for burr removal. 

In one case, a small stainless steel 

filter was deburred of objectionable 
projections by electropolishing tech- 
nique. These filters are approximately % 
inch diameter and are composed of 
one layer of two meshes of stainless 
steel screening. After punching, very 
fine feather burrs present on the 
sheared edges of the screening were 
polished off as follows: 
@ Alkaline preclean and water rinse. 
@ Electropolish in Battelle 
Steel Electropolish at 180F 
seconds at 1 ampere/filter. 


Stainless 
for 10 


@ Water rinse and dry. 


Figure 3. Hydraulic nozzle. Electro- 
polished nozzle on left. Nozzle as ma- 
chined on right. 
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UNDER CONTR. 









EverytTH™ ~ 






FEATURING 


GUARDIAN 


MINIMUM 
CURRENT 


RELAYS 
Series 3005 





This Guardian rotary type Series 3005 relay meets overload rupture, 
vibration and minimum current requirements of MIL-R-6106-C. 
Operates 4 P.D.T., at 10 amperes—has vibration resistance of 
15 G’s to 1000 cycles plus 10 G's from 1000 to 2000 cycles— 
applicable for temperature ranges of —65° C. to 
+120° C. Standard coil voltage of 24 to 28 
volts DC. Also available with rectifica- 
tion network for AC operation 
up to 400 cps. 












POTTED 
se. 


Available with potted 
type leads to decrease ex- 
ternal dielectric problems. 


SCREW 
- 3) 


Hermetically sealed. 
Available with standard 
screw type terminals. 


a «+e ee +e ~*~ 1 # 
GUARDIAN 


Close Differential 


RELAYS oy 


<>, A Guardian developed network utilizing 
: | . static devices in conjunction with the Series 
1005 Relay creates the ultimate in close 
\ differential requirements without using 
sundry mechanical devices. This close 


\ differential relay has D.P.D.T. con- 









tacts rated at 3 amperes. Operating 
voltage is 24 +2 volts, release voltage 
is 22 +2 volts. Maximum differential 
between attract and release is 2 
volts. Applicable for temperature 
ranges of —65° C. to +125° C. 





Aircraft 


Catalog “D” Visit Guardian's Booth at A.E.S. Show—Los Angeles 


Write on your company letterhead for catalog ‘'D”’ 


GUARDIAN W 


MANUFACTURING COMPAN Y 


1641-L W. WALNUT STREET, @ CHICAGO 12, ILLINOIS 
CIRCLE 38 ON INQUIRY CARD 
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| various 


This procedure does not cause stress 
corrosion cracking, effectively removes 
all projections visible under 40 power 
magnification and improves the appear- 
ance of the wire mesh surfaces (Fig 
2). As there are no extremely critical 
dimensions on this part the electropol- 
ishing cycle was selected to give satis- 
factory deburring in the shortest time. 

Another application was the debur- 
ring and removal of sharp corners from 
the threaded portions of a stainless 
steel nozzle. This operation was neces- 
sary to minimize burr formation and 
chipping when the nozzle was assem- 
bled. The procedure for this was as 
follows: 


@ Alkaline preclean and water rinse. 
@ Electropolish in Battelle Stainless 
Steel Electropolish at 170F for 15 sec- 
onds at 4 amperes per nozzle. 

@ Water rinse and dry. 


This procedure smoothed both the 
crown and root of the screw threads 
and rounded all sharp corners (Fig 3). 
Metal removal through this cycle was 
0.00015 inch per surface, which was 
satisfactory to maintain the Class III 
fit on the threads. 

Chemical and electropolishing tech- 
niques have a definite use in the manu- 
facture of precision metal parts, both 
for milling and for burr removal. When 
properly applied to burr removal, these 
techniques can reduce, considerably, 
the time spent in manual or other op- 
erations. 

For more information on these techniques: 
Circle No. 76 on Inquiry Card 


WORTH FILING 
Design Guide for RFI Shielding 


Comprehensive technical data and 
product information on RFI gasketing 
help designers solve specific shielding 
problems. Fully illustrated, the guide 
contains technical data and _ practical 
information with problem _ outline 
sheets. 

Source: Technical Wire Products, Inc. 

Springfield, N. J. 
For your copy: Circle No. 179 on Inquiry Card 


WORTH FILING 


Slide Rule Calculator 
Predicts Room Noise Rise 


Fan noise calculator combines several 
acoustical formulas to give accurate 
predictions of room noise levels result- 
ing from fan additions. Calculator cov- 
ers rooms of various sizes and with 
degrees of acoustical treat- 


' ment. Calculators are available at no 


ELECTRIC | 


charge when requested on your com- 
pany letterhead. 


Source: Robbins & Myers, Inc. 
Propellair Div. 
Springfield, Ohio 
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“LEN” SERIES 


Self-Aligning and Self-Lubricating 
SPHERICAL BEARINGS 


rrAhA * 
Combine Monob wi 


V/s ake llat-X-talale Advantages 


ROD END INTERNAL with 
THREAD TYPE '‘DREF” SERIES Lifo-Tinve bolricati a 


Design engineers in many industries are 
specifying new ‘“‘DYFLON’’® SELF-ALIGNING 
and SELF-LUBRICATING SPHERICAL BEARINGS 

for these 5 major reasons: 


ROD END EXTERNAL 
THREAD TYPE “‘DREM” SERIES 


1. LOWER COEFFICIENT OF FRICTION 
...1deal where lubrication is impossible or undesirable. 


2. WITHSTAND EXTREME VIBRATION... perfect 
performance under shock load conditions. 


3. WILL NOT “COLD-FLOW”... even under extreme 
load conditions. 


4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS “LP SERIES 
...eliminates corrosion problems. 


5. FAIL SAFE... due to ‘““Monoball”’® design. 





In addition, due to their two-piece “MONOBALL”® design and Engineered to the same high standards as Southwest's 

plastic alloy insert, “DyFLON” ® bearings have a long cycle life. popular *MONOBALL’’® Self-Aligning Bearings. 

Alignment and installation problems are minimized. Oil-free for 

life means lowest possible maintenance costs. SouTHWEST “‘DYFLON’’® “Monoball’’® 
Available in a variety of plain or rod end types. Bore sizes to bearings can solve your difficult alignment 

3.000”. Materials include stainless steel, plastic alloys and and installation problems. Request Engi- 

chrome alloy steels. Ultimate static loads to 500.000 lbs. neering manual No. 551. 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE. » MONROVIA, CALIF. » PHONE: MURRAY 1-9616 
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MENTAL PROCESS OF INVENTING— 


The Trial-and-Error Combination of Mental Images 


Our first column in this series (Feb. 1959) pointed out the 
need and feasibility of training to develop the inventive 
ability of engineers. A common difficulty in discussions 
on the creative activity of engineers and inventors has been 
that the words commonly used in these discussions often 
have different meanings to different people, so our second 
column (September) provided a “clearing of the air” by 
defining these terms so that the author and reader will 
interpret them alike. 

The aim of this series is to point out how the engineer 
of average inventive ability can develop greater proficiency 
at inventing, and to achieve this by the self instruction 
process. This article and the next few in this series will 
therefore point out the basic components of the mental 
process of inventing; and these will be followed by a group 
which provide pointers on developing proficiency in each 
of the components of the process. 





From self-observing inventors and from psychologists we 
learn that the idea combinations are synthesized in the 
human mind by a process of trial-and-error combination of 
mental images. First, the mind forms an image of the de- 
sired invention and second, it brings up images from the 
memory and arranges them in different combinations. Each 
combination is tested by matching it against the desired 
pattern and those which do not fit are discarded. This 
process is continued until it becomes a habit at which time 
it goes on unconsciously. Whether unconsciously or de- 
liberately, the process goes on until a solution is reached 
which matches the mental picture of the desired method, 
machine or process. The mental image of the new idea com- 
bination is then translated into concrete form, by blueprints, 
test models or pilot plants, which can be tested and im- 
proved until a practical embodiment is reached. 

In the book, PSYCHOLOGY OF THE INVENTOR, J. 
Rossman quotes a number of inventors and psychologists 
on this process. On page 60 one keenly observing inventor 
Says: 

Initially “. . . there is direct contact with and observation 
of the process, apparatus or product desired to be improved 
. . . this contact resulting in sharp mental pictures . . . It is 
with these sharp images that a number of new pictures are 
synthesized and reconstructed just as a child builds up a 
number of buildings with blocks.” 

Another observant inventor explains the process in more 
detail on page 77: 

“The actual inventing becomes more or less a problem in 
mental mathematics—the addition and _ subtraction of 
materials, energy, motion . . . If a peculiar movement is re- 
quired, all the known movements are brought to the mental 
picture and, one by one, are added or subtracted which may 


46 


result in a combination of old ideas and new . 
“Up to this time it is purely a mental picture . 
painting . . . I call it . 
“When this mental painting is complete, you then begin 
putting your idea into practice, either by constructing a 
model or a real picture.” 


..amental 


On page 82 we find the whole process aptly summarized 
by a psychologist: 

“... the interesting aspect of this inventive process is that 
most of the efforts are first made mentally. The inventor 
manipulates the symbols of his past experience mentally, 
and only after a satisfactory solution is obtained by mental 
trial-and-error behavior does he actually attempt to satisfy 
the need.” 

Though invention resolves down to the simple mental 
procedure of trial-and-error combination of mental images, 
one should not get the notion that this procedure is either 
done quickly or is easy to accomplish. 

Another inventor, quoted in PSYCHOLOGY OF THE 
INVENTOR on Page 111, tells us: 

“The process of inventing begins with guessing, but a 
guess is not an invention. As soon as the inventor makes his 
first guess he subjects it to a shifting process in which the 
guess has to run the gauntlet of all the pertinent facts he 
can think of. The chances are a million to one that the first 
guess he discarded within the fraction of a second and 
another takes its place. A thousand to one the second guess 
follows the first, but a little more slowly, and a third takes 
its place on the firing line. Usually this lasts a little longer, 
but it is a hundred to one that this also goes overboard 
and a fourth takes its place. A skilled inventor is liable 
to pass a hundred guesses in review in less time than it 
would take to explain one of them.” 

This process may go on for days. If the current solution 
is not reached after a while, the process may be dropped to 
be resumed weeks, months or years later. 

Skill in creating and in manipulation of mental images is 
the basic requirement of a good inventor, particularly in 
these days of highly technical and complex inventions. 
Cyclotrons, computers and color television systems are too 
costly to be built, torn down, changed and built over and 
over again. Therefore, the modern inventor must be able to 
readily create mental images of these devices, to quickly 
visualize changes in them and to test out such changes by 
mental manipulation of those images. 


BREAK THE PROBLEM INTO PARTS 

Another characteristic of the creative mental process is 
that of breaking down the major invention problem into 
small parts and attacking them one at a time. For example, 
in so simple an invention as that of printing by movable 
type, Gutenberg had several parts of the problem to solve: 
(a) how to produce the individual characters; (b) how to 
arrange them at the desired locations on the page; and (c) 
how to transfer the entire (full page) image onto paper. 

In J. M. Montmassan’s INVENTION and the UNCON- 
SCIOUS, Pages 171 to 176, Gutenberg by observing his 
own mind in action during the inventing process gives a 
classic account of peacemeal attack procedure and the solu- 
tions of small parts of the invention problem. First he states 
the overall invention problem: 


“For a month my head has been working; a Minerva, 
fully armed, must issue from my brain ...1 wish to write 
by a single application of my hand . .. in a single instant . . . 
everything that can be put onto a large sheet of paper...” 
Then he arrives at his solution to the first part of the prob- 
lem—how to produce the individual characters—as follows: 
“First, the relief in steel, the punch carrying at its ex- 
tremity the engraved letter. Then the mold obtained by 
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driving the punch into the copper. It is the mother of the 
letters, the matrix; then comes the mold in two parts which 
interlock...” Into this mold he pours the hot lead. “The 
molten metal is thrown quickly down from above while 
the shock given to the mold drives the molten metal into 
the matrix... You open the mold and take out a small 
model in lead of the steel punch ... So we have the letters, 
sisters like to one another and like the original punch.” 

To get the letters arranged at the appropriate place on 
the printing plate, he takes advantage of the fact that, as 
individual letters, they are movable. 

“The letters ere moveable. The mobility of the letters. . . 
is the treasure which I have been searching for along un- 
known roads. With these letters and with the blanks which 
give separation, I compose words.” 

Gutenberg then attacks the remaining part of the problem 
—How to transfer the full-page image into the paper sheet. 
“You have seen, as I have, playing cards and the pictures 
of Saints ... these cards and pictures are engraved on small 
pieces of wood, and below the pictures there are words and 
entire lines also engraved ...A thick ink is applied to the 
engraving; upon this a leaf of paper, slightly damp, is 
placed; then this wood, this ink, this paper is rubbed and 
rubbed until the back of the paper is polished. The paper 
is then taken off and you see on it the picture just as if 
the design had been traced upon it, and the words as if 
they had been written; the ink applied to the engraving has 
become attached to the paper...” 

In other words, covering the type with ink and then 
pressing it onto the paper sheet will transfer the image onto 
the paper; but the rubbing process is a drawback. It should 
be possible to transfer the entire image—produce the com- 
plete impression—at one stroke. He solves this prob- 
lem by the screw press, which he arrives at as follows: 
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“When you apply to the vellum or paper the seal of you 
community, everything has been said, everything is there. 
Do you not see that you can repeat as many times as neces- 
sary the seal covered with signs and characters? . us 
“I took part in the wine harvest. I watched the wine 
flowing and, going back from the effect to the cause, | 
studied the power of this press, which nothing can resist.” 

In short, he could transfer the ink of the page full of 
type onto a paper sheet—just as a seal embosses all its 
signs and characters onto the paper—at one stroke. But 
the stroke must be powerful enough to cause the ink to 
transfer to the sheet. Through the screw press he could 
make the impression stroke powerful enough to do this. 

Thus, Mr. Gutenberg illustrates the fact that the human 
mind does not jump in one leap to the ultimate solution of 
a major invention problem. Rather, it first attacks one part 
of the complex invention problem and creates a small in- 
vention to solve the part. Then the mind chips off another 
small part of the major problem and creates another inven- 
tion to solve it. This piecemeal attack and solution of 
small parts of the major invention problem continues until 
the entire major invention problem is solved. Thus each 
major invention is accomplished by a succession of small 
inventions made separately. 

One must remember, however, that the size of the parts 
of the complex problem with which a person can cope is 
not the same for all individuals. Some can cope with very 
large parts and for others the part must be very small. 

According to Helen E. Durkin’s TRIAL AND ERROR, 
GRADUAL ANALYSIS AND SUDDEN REORGANIZA- 
TION (Archives of Psychology, No. 210, May 1937), Pages 
5-85, psychologists call the size of the part of the problem 
with which a person can cope his “Apprehension Span”, 
which experimental efforts are trying to measure. 
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Fig. 1—Usual method for measuring frequency response to 
modulated waves is to generate a suppressed carrier ampli- 
tude modulated signal and measure the gain and phase 
variation between the envelopes of the input and output 
signals, These measurements are then plotted as a function 
of the frequency of the input signal envelope. 
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THE GAIN VERSUS FREQUENCY FOR THE ENVELOPE OF 

THE MODULATED SIGNAL 

Fig. 2—Plotting the sine wave response measurements prop- 
erly directly determines the modulated signal. Key is to plot 
the amp'itude and phase measurements for frequencies 
above and below the carrier frequency on the same scale so 
that the carrier frequency is at the origin as above. 
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Predicting Response to 
Modulated Inputs from 
Response to Sine Wave Inputs 





by Martin Glasberg 


Research Division, United Shoe Machinery Corp. 





Here is a simple method for plotting a component's 
frequency response to sine waves to determine its 
frequency response to suppressed carrier modulated 
signals. Measuring the initial sine wave response data 
is simple and requires no special equipment. This 
method also determines the carrier phase shift with 
frequency and the magnitude of the quadrature com- 
ponent. 














In analyzing an a-c servomechanism, the general procedure 
is to measure the frequency response of each component to 
a modulated input. Many methods for these measurements 
exist with many instruments, such as the “Servoscope” made 
by Servo Corp. of America, New Hyde Park, N. Y., to aid 
in these measurements. The purpose here is to present a 
simple, more complete and many times more accurate meth- 
od for obtaining these measurements using pure sine waves 
and a minimum of regular laboratory equipment. 


THE USUAL METHOD 


The most common procedure for measuring the frequency 
response to modulated waves is to first generate a sup- 
pressed carrier amplitude modulated signal, as in Fig. 1. 
The envelope of this signal is a sine wave of variable fre- 
quency; frequency response is determined by measuring 
the gain and phase variation between the envelopes of the 
input and the output signals. These gain and phase meas- 
urements are plotted as a function of the frequency of the 
envelope of the input signal. 

Main problems arising in the above procedure are that: 
@ a variable, modulated source is required; 
@ phase shift measurements are quite difficult, especially if: 
distortion exists in the system component under observa- 
tion; carrier phase shift occurs; or the output has a quadra- 
ture (90 degree phase shift) signal component 


SINE WAVE METHOD 


These problems are not encountered in measuring the com- 
ponent’s frequency response to a pure sine wave input sig- 
nal. The question then is: how can the response to a sup- 
pressed carrier modulated signal be predicted from this 
data? The answer is given in mathematical form in Table I 
and in the simple graphical procedure outlined below. 
The key to the graphical solution is to plot all frequency 
response measurements above and below the carrier fre- 
quency on the same scale, as in Figs. 2 and 3. In Fig. 2, 
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Among the famous 
imported Mars draft- 
ing products are: 
Left — 1001 Mars- 
Technico push-but- 
ton lead holder. 
Above — 1904 Mars- 
Lumograph drawing 
leads, 18 degrees, 
EXB to 9H. Below — 
2886 Mars-Lumo- 
graph drawing pen- 
cils, 19 degrees, 
EXEXB to 9H; 2830 
Mars-Lumograph Du- 
ralar—for drafting on 
Mylar®-base tracing 
film —5 special de- 
grees, K1 to K5; Mars- 
Lumochrom colored 
drawing pencils, 24 
shades. Not shown — 
Mars Pocket-Technico 
for field use; Mars 
pencil and lead sharp- 
eners; Mars Non-Print 
pencils and leads. 


¥ 


UNDERWATER CARGO ~-?P. J. Carroll, M. E., of Dub- 


lin, Ireland, has developed this ingenious method of underseas shipping. 









The tug, powered by nuclear reaction, tows a string of cargo vessels, 
taking advantage of ocean currents and sub-polar routes — free from 
delays due to weather or tides. 


HdV4DOWNIT-SUYW ARILGIVIS'ST BY 100 


Power supply is adequate for years and tug can remain submerged 
indefinitely. It can transport cargo to and from many ports without sur- sienna: Setaibiaties- tenis 
available at better 
engineering and 
drafting material sup- 
pliers. 


facing, since based-in-port auxiliary submarine vessels uncouple the cargo 
carriers from tug and lead them into underwater pens. There cargo, stored 


in containers, is transferred by elevators and conveyors to trucks which are 
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then sped by nuclear powered mono-rail to principal distribution points. 

This nuclear-age concept of shipping is one more example of the Gabi deiacemmenienen 
contributions that today’s designers are making. To help them translate 
their pace-setting ideas from concept to reality, they require the best of 
drafting tools. 


In pencils that means MARS, long the standard of professionals. 
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for the man — 


the pencil that’s as good as it looks Peo Ar 


Sold at ali good engineering and drawing material suppliers e« J. S. STAEDTLER, INC. e Hackensack, N. J. 
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a new line of 


PRESSURE 
SWITCH/ 
i TRANSDUCERS! 
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© For Aircraft, Missile & 
Rocket Applications 
¢ 8 Pressure Ranges, covering 
0.5 to 4,000 psi 
¢ Available with Optional 
Vibration Isolator 
© Qualified to MIL-E-5272A 
Specifications 
¢ External Pressure Setting Adjustment 


The new Haydon 1500 Series Pres- This environmentally-sealed unit is 
sure Switch/Transducer weighs only designed for use in all types of 
6 ounces—yet operates accurately pressure systems... fuel, hydraulic, 
at up to 4,000 psi! Interchange- oil, pneumatic, chemical and gas. 
ability of internal modular com- The entire assembly is resistant to 
ponents permits use of the same corrosive operating media, includ- 
small, rugged housing over the com- _ing water-alcohol solutions, nitric 
plete pressure span from 0.5 to acid and hydrogen peroxide, among 
4,000 psi. others. 
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CHR PRESSURE-SENSITIVE TEFLON TAPES 


e —100°F to 500°F applications 
e Class H and Class C insulation 
e Non-stick and low friction facing 
e Chemical resistant facing 
e Easy to apply 

Temp-R-Tape is available from stock in rolls and sheets. All 
four types — Temp-R-Tape T; TH; C and TGV — combine some 
form of Teflon backing with silicone polymer adhesive to pro- 
vide easy-to-apply pressure-sensitive and thermal curing pres- 
sure-sensitive tapes for electrical and mechanical applications. 
Designed for extreme temperatures, Temp-R-Tapes possess high 
dielectric strength, low power factor, high elongation, negligible 
moisture absorption, are non-corrosive and non-contaminating. 
FREE SAMPLES and folder — write, phone or use inquiry service. 
Sold nationally through distributors 


CONNECTICUT HARD RUBBER 


*duPont TM Main Office: New Haven 9, Connecticut 
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DESIGN TIME SAVER 


the desired envelope gain versus frequency curve is shown 
heavy and equal to (K;, + K,,) /2, or exactly the average 
between the gain (K,-) for sine wave frequencies above f, 
(carrier frequency) and the gain (K,,) for frequencies 
below f.. (Ky — K;,)/2 also shown in Fig. 2 is the magni- 
tude of the quadrature component in the modulated output 
signal. 

In Fig. 3, the desired envelope phase versus frequency 
curve is shown heavy and equal to (®,;, — ,,)/2, or exactly 








TABLE |! 


The two frequency components of the “beat wave”, 

F(t) of Fig. 1 are (f. + f,,), the upper side band; and 

(f. — fm), the lower side band. If this wave passes 

through an arbitrary instrument, the effect on the fre- 

quency components will be the frequency response. To 

solve for this effect, let’s assume the following charac- 

teristics for the arbitrary instrument: 

K, = component's gain for sine waves at frequencies 
above carrier frequency. 

K;, = component's gain for sine waves at frequencies 
below carrier frequency. 

‘Py, = component's phase shift of a sine wave at fre- 
quencies above carrier frequency. 

‘b;, = component's phase shift of a sine wave at fre- 
quencies below carrier frequency. 

if the input is a suppressed carrier modulated wave, 
it can be written as: 
F;,,(t) = A cos 2z7f,,t cos 2xf.t 


where 

f.. = carrier frequency 

f,, — modulation or envelope frequency 
or as: 
F,,,(t) = (A/2) cos 2zx(f. — fm) t+ (A/2) cos 2x(f, 
+ fn)t 


The output signal will be the input acted on by the 
componert’s frequency characteristics. Consequently: 
F...r(t) = (AK;,/2) cos [2zx(f. — fn)t + P1] 

+ (AK, /2) cos [2x(f. + fn)t + Pr] 
then: 
Four(t) = (AKy-/2) cos <~ [2zf.t + (2. + 1)/2] 
+ [2rfnt + (by — 0,)/2] $ 
+ (AK;,/2) cos 4 [2zf.t + (Py + 91)/2] 
igi? [27f nt + (®, ‘Sal DP, )/2] a 
Let M = 2zf.t + (Py + ,)/2 
N = 2zfnt + (Pp — ¥,)/2 
so that: 
F..ue(t) = (AKy/2) cos (M-+N) + (AK;,/2) cos (M—N) 
where: 
cos (M--N) = cos M cos N+ sinM sin N 
Four(t) = (AKp/2) [cos M cos N — sin M sin N] 

+ (AK;/2) [cos M cos N + sin M sin N] 
Therefore: 
This yields: 
Fout(t) = A[A(Ky + Kz)]/2 2 (cos M cos N) 

+ ~ [A(Ki — Ky)] /2 > (sin M sin N) 
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one-half the difference between the phase shift (®y) at 
frequencies above f.. and the phase shift (,, + ,,) /2 also 
shown in Fig. 3 is the phase shift of the carrier versus 
frequency. Note that a lag has a negative phase angle and 
that a lead has a positive phase angle. 

It should be pointed out that the method described here 
is not applicable to components that have an inherent de- 
pendence of a modulated signal, such as two-phase motors, 
synchros or drag cup tachometers. In most of these cases, 
the modulated frequency (the frequency response) can be 
ascertained from the transient response. The simplest meth- 
od is to record the unsaturated transient and match this 
record against a reference transient. For example, the 
velocity transient of a two-phase motor will resemble a 
first order rise where the time constant is the inertia divided 
by the viscous damping coefficient. The resulting frequency 
response would then be flat up to the break frequency 
which is one over the time constant. At frequencies great- 
er than the break frequency the amplitude would be atten- 
uated by 20 decibels per decade. The phase on the other 
hand would decrease to 45° of lag at the break frequency. 
From the break frequency to higher frequencies the phase 
would lag to 90°. The complete frequency response of the 
two-phase motor would then look like an ideal integration 
in series with the velocity frequency response discussed 
above. 





WORTH FILING 


Protective Maintenance of Motors and Generators 


A 63-page booklet intended primarily for the use of main- 
tenance men in the electrical industry but of interest as 
well to engineers concerned with motor and generator 
problems, has been published by the Renewal Parts Sec- 
tion of the National Electrical Manufacturers Association. 
Included in the booklet are NEMA standards for classifica- 
tion of coils, insulating materials, replacement commutators 
and assembled segments, authorized engineering informa- 
tion on armature winding supplies, guides for maintaining 
continuous operation of motors and generators, preserva- 
tion of renewal parts for electrical rotating apparatus, and 
proposed definitions of renewal parts. 

Source: National Electrical Manufacturers Assoc. 


New York, New York 
For your copy: Circle No. 194 on Inquiry Card 


WORTH FILING 
Plastic Extruded Shapes And Fabricated Parts 


Four-page bulletin describes the advantages, uses, and 
limitations of three important plastic materials, nylon “Del- 
rin” and “Penton” with tables covering basic mechanical, 
electrical, thermal, and miscellaneous properties. Bulletin 
also tabulates stock sizes of extrusions available in rod, 
tubing and strip form. 


Source: National Vulcanized Fibre Co. 
Wilmington, Delaware 
For your copy: Circle No. 190 on Inquiry Card 


WORTH FILING 
Spring Alloy Design Manual 
26-page handbook details full technical facts on an alloy 


for springs of all types, drive bands, torsion bars, stamped 
and machined parts, ball bearings and cable. 
Source: Elgin National Watch Company 


Elgin, Illinois 
For Your Copy: Circle No. 226 on Inquiry Card 
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Higher quality, better design — at a low price! 


, 9 New Haydon 


Miniature Switches 
for Military and 
Industrial Uses 


Now you can choose from a 
full line of Haydon 5200 
Series Snap-Acting Switches. 
19 standard models cover a 
wide range of operating forces 
—from as low as 2.5 grams 
up to 20 ounces. 








Standard 
5200 Series 
Plastic Switch 


Low Operating Force Model, 
with Actuator 


And these new plastic-cased switches and actuators are 
tooled for volume production... available at a new low 
price! 


Electrical terminals are molded into the sturdy plastic hous- 
ing, cannot loosen under stress or temperature changes. 
Many models meet MIL-S-6743 and the vibration require- 
ments of MIL-E-5272A, Procedure II. 


Typical applications for these low-cost precision switches 
range from coin-operated machines to aircraft deicing con- 
trols and numerous types of timing devices. 


UK 


Send today for Bulletin 5200-2 
giving complete data and spec- 
ifications on the new Haydon 


5200 Series Switches. ae 
aH} |) ese 
Seulih INCORPORATED | Pi _ 


WATERBURY 20, CONNECTICUT 
CIRCLE 44 ON INQUIRY CARD 
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ALLIED 
RADIO 


ELECTRONICS 


ALLIED’S 1960 


1960 CATALOG 


BUY AT FACTORY PRICES 


world’s largest stocks... specializing in the supply of: 


© Special-Purpose Tubes 
* © Test Equipment & Meters 
@ Relays @ Resistors, Controls 

e@ Transformers @ Switches, Timers 

@ Electronic Parts for Every Industrial Need 


e@ Semi-Conductors 
Connectors 





ONE ORDER TO ALLIED FILLS THE WHOLE BILL 


Your ALLIED Catalog is the best single source for 
electronic supply. It puts the world’s largest stocks 
at your command—there’s no need to deal with 
hundreds of separate factories—one order to us fills 
the whole bill. You get same-day shipment (fastest 
service in electronic supply) and you buy at factory 
prices. Send today for your FREE 1960 ALLIED Cat- 
alog—your one-source electronic supply guide. 


ALLIED RADIO |) 


129-K9 


your dependoble 
direct factory source 
for everything in 
electronic supply 


i102 N. Western Av>., Dep*. 
Chicago 80, Ill. 





—_—_ 


our 39th year 


CIRCLE 45 ON INQUIRY CARD 











PRECISION 
3-GEAR 
DIFFERENTIALS 


DRDA-055 SHOWN HERE 
OTHER MODELS TO YOUR SPECS. 










.1874” Shaft Di- 
ameter Tumbling 
circle 1.38” 

8’ are backlash 


75 oz. in. recom- 
mended max load 
at 2,500 rpm 
0.3 oz. in. break- 
away torque 


FREE! 


Send for 16 pg. Supplement” C” to 
Dynaco E88 Catalog. Shows complete 
line & specs. on Precision Stock Dif- 
ferentials including Precision Hollow 
& Solid Shafts, Bearingless, Face Gear 
and 3-Gear Models. 





DYNAMIC 


GEAR CO. INC. 
AMITYVILLE, 
NEW YORK 
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PRECISION 


magnetic clutches 
Engineered for High Accuracy SERVO CONTROL 








SR6166 


SR5066 





featuring: 


LOW INERTIA... LONG LIFE. FAST RESPONSE... . low as 10 milliseconds. 
HIGH CAPACITY .. . up to 80 oz. in. ALL combinations of CROWN 
TOOTH and FRICTION COUPLINGS and BRAKES. 


available from stock 
in the following models: 


Double-Ended—|nput and output on opposite ends. 

Single -Ended—input and output on same end. 

Single-Pole, Double-Throw—A unique clutch for switching or speed- 
changing applications. 

Miniature Model—Only 1” in diameter. 


Write for new catalog-data sheet. 


18RVS6ER 


REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Cerporation of America, Roosevelt Field, Garden City, N.Y. 
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WORTH FILING 





Hydraulic Controls 


Twenty new hydraulic system control units for aircraft and 
missile operations are presented in a survey bulletin di- 
vided into five areas—shear seal valves, hydraulic system 
components, hydraulic selector valves, poppet relief valves, 
and shut-off valves. Some of the special illustrated units 
featured are: an auto-pitch actuator, with an electronic 
mechanism sensing incipient stall; a stainless steel high 
pressure, helium relief valve, a solenoid pilot-actuated 
sleeve selector valve, and a dual solenoid, pilot-actuated 
spool valve. 

Source: Whittaker Controls, Div. of Telecomputing Corp. 


Los Angeles, California 
For your copy: Circle No. 202 on Inquiry Card 


Switching Systems 


Six page brochure describes an advanced method of 
static control through the use of solid state power/logic 
switching systems. It contains photographs, diagrams and 
charts outlining the structure of a typical system and 
provides a functional description of its make-up. Included 
are details on the magnetic amplifier device used to per- 
form digital computation, switching and power amplifica- 
tion in a single operation, Schematics indicate the con- 
nections employed for the principle used to replace electro- 
mechanical relays in complex control systems. 

Source: Magnetic Amplifiers, Inc. 


New York, New York 
For your copy: Circle No. 208 on Inquiry Card 


Motorgram 


Volume 39 No. 4 of the “Bodine Motorgram” features an 
article on a new control drive for large printing presses. 
Another article describes how a standard motor was modi- 
fied for use in an antenna rotator. Also discussed in this 
issue is the dynamic braking of squirrel cage and hysteresis 
synchronous induction motors. 
Source: Bodine Electric Co. 

Chicago, Illinois 
For your copy: Circle No. 216 on Inquiry Card 


Meters 


20-page meter catalog describes three separate products: 
expanded scale a-c and d-c voltmeters, expanded scale fre- 
quency meters, and linear scale ammeters. Each is pre- 
sented individually, and detailed from primer-like operat- 
ing principles through complete specifications. Various 
meter case styles and sizes are illustrated. 

Source: Helipot, Div. of Beckman Instruments Inc 


Fullerton, California 
For your copy: Circle No. 210 on Inquiry Card 


Servovalves 


Bulletin describing operation and performance character- 
istics of a new series of industrial servovalves includes 
functional schematic, performance curves, and valve spe- 
cifications as well as installation and overall dimensions. 
Source: Moog Servocontrols, Inc. 


East Aurora, New York 
For your copy: Circle No. 215 on Inquiry Card 
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Here are quick solutions @ quality engineered and 


er designed to meet human factors 


n di- | with FLECTROSNAP @ over 60,000 switch and actuator 


ystem variations available 

















































alves, | 
units BASIC SNAP-ACTION SWITCHES ®@ adaptations can be made to fit 
tronic your requirements 
high | 
uated 
uated | 
double pole =\ 
| D series 
DPDT, 4 CKT. 
L.W.H. 1%" x4" xh” 
Elec. 15 amps @ 125/250 V.A.C. ’ 
Rating: 15 amps Res. @ 30 V.D.C. A2-8/D8-6 A3-10/08-4 A4-2/D4-4 A4-24/08-4 
: 10 amps Ind. @ 30 V.D.C. roller lever maintained — plastic 
dof circuit? Operating Force 23 to 33 oz. 
logic Amb. Temp. —100 to +375° F. 
: a Termination D4 series—end solder 
$s anc THEY ARE... D8 series—side solder 
and Available in simultaneous, non-simul- 
luded Dima ccitiinc a ' taneous and reset models. Models 
udec available with Military and U.L. 
) per- approval. Write for details. anes a-aeee ©3.9/00-4 
lifica- actual size A4-102/D8-4 roller leaf extension leaf interlock 
‘ 1” colored plastic 
con- button 
ectro- 
triple pole oe 
TPDT, 6 CKT. 
| | L.W.H. 1%” x .491” x 1-5/16” 
ag Elec. 15 amps @ 125/250 V.A.C. 
Rating: 15 amps Res. @ 30 V.D.C. A2-5/K3-4 
10 amps Ind. @ 30 V.D.C. a heen AA-2/K1-4 
Operating Force 40 oz. maintained 
es an Amb. Temp. —100° to +375° F. 
i Termination Kl series—end solder 
esses. K3 series—side solder 
modi- Available in simultaneous, non-simul- 
his taneous and reset models. Models 
1 this available with Military and U.L. 
eresis approval. Write for details. 
actual size = oy he C2-14/K3-4 C2-20-1/K3-4 
button interlock solenoid hold-down 
multi-pole 
lucts: combination AA-37 A4-37-1 A465 
e fre- 4 POT, 8 CKT, 5 POT, 10 CKT. 4 POT, 8CKT. 
actuator removable plastic 
pre- button 
perat- assemblies 
1rious 






Any basic switch can be adapted 
to multi-pole assemblies. Send us 
your requirements. 



















POTTED LEADS TYPES | 
various models . 
SP, DP or TP 


A4-111 

4 PDT, 8 CKT. 
pushbutton w /hex 
seal 






A4-73 
4 POT, 8 CKT. 
aluminum button 
















acter- LIGHTED PUSH-BUTTON 

‘ludes PANEL SWITCHES 

. spe- The industry’s most complete line. Models TT ‘ - 

P light up in any of one to soar saree, with > a = 

ns. round or rectangular buttons. All units re- “i | oO © /'a\ (O) 
lampable from front of panel. Make possi- a LAS US N oe 
ble revolutionary ASTROMATIC panel con- . . 
cept which simplifies and reduces complex Switch Division 
monitoring and control centers to small, , — 
efficient, pictorial lighted panels. Write for 4260 West Lake Street * Chicago 24, Illinois 
data on lighted switches or complete Telephone VAn Buren 6-3100 ¢« TWX CG-1400 





ASTROMATIC panels. 





Circle Reader Service Card number 48 ” 






















PRECISION 


3-GEAR 
DIFFERENTIALS 


DRDA-055 SHOWN HERE 
OTHER MODELS TO YOUR SPECS. 










.1874” Shaft Di- 
ameter Tumbling 
circle 1.38” 

8’ are backlash 


75 oz. in. recom- 
mended max load 
at 2,500 rpm 
0.3 oz. in. break- 
away torque 


FREE! 


Send for 16 pg. Supplement” C” to 
Dynaco E88 Catalog. Shows complete 
line & specs. on Precision Stock Dif- 
ferentials including Precision Hollow 
& Solid Shafts, Bearingless, Face Gear 
and 3-Gear Models. 





DNUUMG 


GEAR CO. INC. 
AMITYVILLE, 
NEW YORK 
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PRECISION 


magnetic clutches 
Engineered for High Accuracy SERVO CONTROL 





SR6166 





featuring: 
LOW INERTIA... LONG LIFE. FAST RESPONSE... low as 10 milliseconds. 
HIGH CAPACITY . . . up to 80 oz. in. ALL combinations of CROWN 
TOOTH and FRICTION COUPLINGS and BRAKES. 


available from stock 

in the following models: 
Double-Ended—|nput and output on opposite ends. 
Single-Ended—input and output on same end. 


Single-Pole, Double-Throw—A unique clutch for switching or speed- 
changing applications. 
Miniature Model—Only 1” in diameter. 


Write for new catalog-data sheet. a 
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A Subsidiary of Dynamics Corporation of America, Roosevelt Field, Garden City, N.Y. 
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components, hydraulic selector valves, poppet relief valves, 








Hydraulic Controls 


Twenty new hydraulic system control units for aircraft and 
missile operations are presented in a survey bulletin di- 


vided into five areas—shear seal valves, hydraulic system 


and shut-off valves. Some of the special illustrated units 
featured are: an auto-pitch actuator, with an electronic 
mechanism sensing incipient stall; a stainless steel high 
pressure, helium relief valve, a solenoid pilot-actuated 
sleeve selector valve, and a dual solenoid, pilot-actuated 
spool valve. 





Source: Whittaker Controls, Div. of Telecomputing Corp. 
Los Angeles, California 
For your copy: Circle No. 202 on Inquiry Card 


Switching Systems 


Six page brochure describes an advanced method of 
static control through the use of solid state power/logic 
switching systems. It contains photographs, diagrams and 
charts outlining the structure of a typical system and 
provides a functional description of its make-up. Included 
are details on the magnetic amplifier device used to per- 
form digital computation, switching and power amplifica- 
tion in a single operation. Schematics indicate the con- 
nections employed for the principle used to replace electro- 
mechanical relays in complex control systems. 

Source: Magnetic Amplifiers, Inc. 


New York, New York 
For your copy: Circle No. 208 on Inquiry Card 


Motorgram 


Volume 39 No. 4 of the “Bodine Motorgram” features an 
article on a new control drive for large printing presses. 
Another article describes how a standard motor was modi- 
fied for use in an antenna rotator. Also discussed in this 
issue is the dynamic braking of squirrel cage and hysteresis 
synchronous induction motors. 





Source: Bodine Electric Co. 
Chicago, Illinois 
For your copy: Circle No. 216 on Inquiry Card 





Meters 


20-page meter catalog describes three separate products: 
expanded scale a-c and d-c voltmeters, expanded scale fre- 
quency meters, and linear scale ammeters. Each is pre- 
sented individually, and detailed from primer-like operat- 
ing principles through complete specifications. Various 
meter case styles and sizes are illustrated. 

Source: Helipot, Div. of Beckman Instruments Inc 


Fullerton, California 
For your copy: Circle No. 210 on Inquiry Card 





Servovalves 





Bulletin describing operation and performance character- 
istics of a new series of industrial servovalves includes 
functional schematic, performance curves, and valve spe- 
cifications as well as installation and overall dimensions. 





Source: Moog Servocontrols, Inc. 
East Aurora, New York 
For your copy: Circle No. 215 on Inquiry Card 
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Here are quick solutions 
with ELECTROSNAP 
BASIC SNAP-ACTION SWITCHES 











double pole 





D series 
DPDT, 4 CKT. 
L.W.H. 1%" x 4" x #" 
Elec. 15 amps @ 125/250 V.A.C. 
Rating: 15 amps Res. @ 30 V.D.C. 

10 amps Ind. @ 30 V.D.C. 
Operating Force 23 to 33 oz. 
Amb. Temp. —100 to +375° F. 
Termination D4 series—end solder 

D8 series—side solder 

Available in simultaneous, non-simul- 
taneous and reset models. Models 
available with Military and U.L. 


® quality engineered and 
designed to meet human factors 


® over 60,000 switch and actuator 
variations available 


@ adaptations can be made to fit 
your requirements 


A2-8/D8-4 
roller lever 













A3-10/D8-4 A4-2/D4-4 A4-24/D8-4 
maintained removable plastic 
button 


triple pole 





multi-pole 
combination 
actuator 
assemblies 











Any basic switch can be adapted 
to multi-pole assemblies. Send us 
your requirements. 


approval. Write for details. 


actual size 


K series 
TPDT, 6 CKT. 


L.W.H. 1%” x .491” x 1-5/16” 


Operating Force 40 oz. 


approval. Write for details. 


actual size 





A4-37 A4-37-1 A4-65 
4 POT, 8 CKT. 5 PDT, 10 CKT. 4 POT, 8 CKT. 
removable plastie 
button 
A4-73 A4-lll POTTED LEADS TYPES | 
4 PDT, 8 CKT. 4 PDT, 8 CKT. various models . 


aluminum button 


LIGHTED PUSH-BUTTON 
PANEL SWITCHES 


The industry’s most complete line. Models 
light up in any of one to four colors, with 
round or rectangular buttons. All units re- 
lampable from front of panel. Make possi- 
ble revolutionary ASTROMATIC panel con- 
cept which simplifies and reduces complex 
monitoring and control centers to small, 
efficient, pictorial lighted panels. Write for 
data on lighted switches or complete 
ASTROMATIC panels. \ 


Circle Reader Service Card number 48 


7 } ' 
comer 
s <m ; 

Elec. 15 amps @ 125/250 V.A.C. 
Rating: 15 amps Res. @ 30 V.D.C. A25, K3-4 

10 amps Ind. @ 30 V.D.C. Pome rarer A3-10/43-4 A4-2/K1-4 

maintain 
Amb. Temp. —100° to +375° F. s 
Termination Kl series—end solder _ ms 
K3 series—side solder 

Available in simultaneous, non-simul- 
taneous and reset models. Models 
available with Military and U.L. 








A5-14/D8-4 AS-18/D4-4 C2-9/D8-4 
A4-102/D8-4 roller leaf extension leaf interlock 
1” colored plastic 
button 















, + Sie; 





A4-24 /K3-4 AS-15/K3-4 
removable plastic short hae C2-14/K3-4 C2-20-1 /K3-4 
button interlock solenoid hold-down 





pushbutton w /hex 
seal 


SP, DP or TP 















ELECTROSNAP 


Switch Division 
4260 West Lake Street ¢ Chicago 24, Illinois 
Telephone VAn Buren 6-3100 ¢« TWX CG-1400 
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FOR 
ROCKET ENGINES 


ACCURACY 
IN SPITE 
OF 

BLAST. 






STATHAM P285TC 
Oil-Damped Pressure : 
Transducer 


This new, extremely rugged 
oil-damped miniature, 
pressure transducer ' 
easily survives the step 1 
function pressures and : 
blast pressures of rocket 
engine environments. 
Measures pressures 
from 0-50 to 0-1000 psi 
with the infinite 
resolution, accuracy 
and reliability of 
unbonded strain gage 
instruments. 
Absolute and gage 
models. 
Write for Data File 
EMD-603-2 
STATHAM INSTRUMENTS, INC. 


12401 West Olympic Boulevard 
Los Angeles 64, California 


t 
! 
t 
! 
' 
! 
1 
! 
! 
' 
! 
! 
' 
! 
' 
! 
! 
' 
| 
1 
! 
! 
' 
' 
' 
! 
t 
! 
! 
' 
/ 








CIRCLE 50 ON INQUIRY CARD 





OUTLIVES 


ENGINE 
ENGINE 


STATHAM P10 
Pressure Transducer 


' In automatic transmission 
| pressure tests run by one 


i] 
; Of the world’s leading auto 
1 manufacturers, this rugged : 
: pressure transducer ; 
; has outlived engine after | 
1 engine throughout more : 
: than two years of ; 
! 24-hour-a-day 
1 test operation. 1 
;  Builttostandrough | 
: handling and mechanical ! 
\ overload in many t 
: applications, the ' 

| P10 affords the accuracy, | 

| reliability and infinite | 

\ resolution of : 

| an unbonded strain : 

' gage instrument. ' 

1 

| Write to Dept. EMD-604-21 


STATHAM INSTRUMENTS, INC. 
12401 West Olympic Boulevard 
Los Angeles 64, California 


1 ! 
' t 
' t 
1 I 
i ' 
1 I 
1 ! 
1 1 
1 1 
: 1 
1 ! 
1 i 
ry ! 
\ / 


AFTER 














CIRCLE 51 ON INQUIRY CARD 


WORTH FILING 





How To Specify Solenoid Valves 


Eight-page booklet contains solenoid 
valve nomenclature, description of va- 
rious types of valve sealing, a discus- 
sion of mechanical specification criter- 
ia, fluid characteristics, pressure, valve 
capacity, leakage, valve life, speed of 
valve operation, and valve envelopes, 
electrical specification criteria includ- 
ing explanation of solenoid duty, elec- 
trical connections and coil construc- 
tion, environmental specification — cri- 
teria, testing and test specifications 
and safety. 

Source: Valcor Engineering Corp. 


Kenilworth, New Jersey 
For your copy: Circle No. 196 on Inquiry Card 


Precision Instrument Components 


416-page master catalog lists over 10,- 
000 precision stock items, including 
gears, shafts, collars, couplings, speed 
reducers, and differentials. In addition 
to detailed drawings, complete speci- 
fications and prices, the new catalog 
contains separate technical data, bread- 
board kit and precision tool compon- 
ents section. 

Source: PIC Design Corp. 


East Rockaway, L.I., New York 
For your copy: Circle No. 197 on Inquiry Card 


Tantalum Capacitors 


16-page catalog contains complete in- 
formation on fifteen different types of 
solid, foil and sintered anode tantalum 
capacitors. Types range from high 
temperature tantalum capacitors for 
200°C operation to subminiature ca- 
pacitors hardly larger than a pin. A 
table containing over 600 listings ar- 
ranged by microfarad and voltage rat- 
ings, extending from 0.25 to 1300 
mfd is featured. 

Source: P. R. Mallory & Co., Inc. 


Indianapolis, Indiana 
For your copy: Circle No. 198 on Inquiry Card 


All-Purpose Panel Meters 


Indicating panel meters and pyromet- 
ers in numerous sensitivities, styles and 
sizes, for monitoring any electrically 
measurable variable, are described in 
a 12-page bulletin. General specifica- 
tions, prices, easily-read mounting di- 
mensions, and ordering information 
are included. The bulletin also covers 
such accessories as transformers, ther- 
mocouples and shunts for use with the 
meters. 

Source: Assembly Products, Inc. 


Chesterland, Ohio 
For your copy: Circle No. 200 on Inquiry Card 
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WORTH FILING 





Switches and Indicator Lights 


43-page catalog describes and gives 
full data on a complete line of switch- 
es, (toggle, pushbutton and _ precision) 
and indicator lights. 


Source: Hetherington, Inc. 
Folcroft, Pa. 
For your copy: Circle No. 187 on Inquiry Card 


Motor-Tach Generators 


16-page catalog describes a complete 
line of precision made motor-tach gen- 
erators for scientific, military and ind- 
dustrial applications. General descrip- 
tive data and definitions, performance 
curves, dimensional drawings, and 
physical, electrical and mechanical 
characteristics are included. 

Source: John Oster Mfg. Co. 


Racine, Wisconsin 
For your copy: Circle No. 201 on Inquiry Card 





WORTH BUYING 





Transistor Manual 


A fourth edition of “Transistor Man- 
ual” has been published by the Gen- 
eral Electric Co. The new book con- 
tains 227 pages of completely re-writ- 
ten information on transistors and their 
use in electronic circuits. Included in 
the twenty chapters is information on 
basic semiconductor theory, transistor 
construction techniques, biasing, 
switching characteristics and _ several 
chapters on circuits, Price $1.00. 
Order your copy from: 

General Electric Co. 

Semiconductor Products Department 

Charles Building 

Liverpool, New York 


Zener Diode Handbook 


130 page manual covering basic the- 
ory, design characteristics and applica- 
tions for zener (voltage limiting) diodes 
is intended to serve as a guide in the 
use of this versatile and relatively new 
component. Chapter headings include: 
characteristics of silicon zener diodes, 
design consideration, regulated power 
supplies, surge protection, a-c and d-c 
amplifiers, temperature compensation 
and impedance cancellation, new ap- 
proaches in zener diode applications, 
and specifications and testing methods. 
Price $1.00. 

Order your copy from: 

ZDH, Motorola, Inc. 

Semiconductor Products Div. 


5005 E. McDowell Rd. 
Phoenix, Arizona 
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trols, appliances, positioning devices and other 
applications where opposite switching is { ; 
desired each time circuit is pulsed. Con- xX 

tact combinations up to 4 “C’’. AC or DC. 






i Type M, General-Purpose Relay 
Suitable for a multitude of light duty applica 
Compact size, lightweight. Good wipe and po 
contact pressure. Contact combinations up to 3 
4 Available open, or in plastic dust covers with pl 












feature. AC or DC. 





iali ; i COMPLETE 
We specialize in supplying relays ter a 
for a wide range of requirements. | MANUFACTURING, 


SEALING FACILITIES, 


ALL IN ONE PLANT 


6 ee 
= (ee? 1 
tt. I 


ay —. 








af 


Send for catalog 





RELAYS . HERMETIC SEALING 


SOLENOIDS ° COILS ° SWITCHES ° 
CIRCLE 52 ON INQUIRY CARD 


55 





UNIVERSAL 
PRESSURE SWITCH! 


le 


In this 
we co 
ent typ 
forman 
review 
describ 
militar 


PRECIS 


A prec 
the out 
positio 
Many 

been de 
applica 
snap-ac 


After years of analyzing thousands of pressure switch speci- ‘“‘FROM INCHES OF WATER NEMA 
fications, our engineering department concludes that one TO HUNDREDS OF ATMOSPHERES” electric 
UNIVERSAL design will fulfill 33.7% of all requirements. , _ —— og at 
For the other 66.3% of pressure switch applications where a si 
the universal switch won't do, we suggest rummaging about Wa alone, 
in our catalog which tells of a full line of ‘‘standards’’ now | , 4 tor (s) 
in production. ey oe es actuato 
; ; ] 4 actuato 
AND, if you happen to have a really weird problem (currently ’ 7 a 
6.93% of all inquiries) which can’t be answered by one of our eo be moved 
standards, write to us anyway. We keep a fewodd engineers “_ sontact 
who thrive on the off beat applications. x. invaflah 


Please direct all inquiries to the Sales Department where they % a , : quirem¢ 

will be judged impartially on the basis of clarity, sincerity and 7 ; Othe 

volume potential. Those inquiries which clearly demonstrate 5 - : “es to pre 
a ‘‘need to know” will be answered promptly. ae Table 

Preci 

as limi 

when ¢ 

a prese 

fashion 


CONSOLIDATED CONTROLS CORPORATION switch 


sucn @ 
BETHEL, CONN., INGLEWOOD, CALIF. og 


A SUBSIDIARY OF CONSOLIDATED DIESEL ELECTRIC CORPORATION is basec 


tuated 
CIRCLE 53 ON INQUIRY CARD 


ELECTROMECHANICAL DESIGN OCTOBE 








S”’ 





DESIGN 









































Electromechanical Switches Part 2 








COMPONENTS 


DIGEST 





In this part of Components Digest 8, 
we continue descriptions of the differ- 
ent types of switches, discuss their per- 
formance and application factors, and 
review important specifications used to 
describe switches for commercial and 
military applications. 


PRECISION SWITCHES 


A precision switch is one in which 
the output is a precise function of the 
position of the actuating member. 
Many kinds of precision switches have 
been developed to meet many different 
application requirements. A precision 
snap-acting switch has been defined by 
NEMA as a “mechanically operated 
electric switch having predetermined 
and accurately controlled character- 
istics.” A precision snap-acting switch 
may consist of a basic switch used 
alone, a basic switch used with actua- 
tor (s), or a basic switch used with 
actuator (s) and an enclosure. An 
actuator is defined as the mechanism 
of the switch or enclosure which, when 
moved as intended, will operate the 
contacts.” Many forms of actuator are 
available to suit the mechanical re- 
quirements of different applications. 

Other NEMA definitions applicable 
to precision switches are given in 
Table I. 

Precision switches are widely used 
as limit switches to control a circuit 
when a moving member has reached 
a preset point, and in somewhat similar 
fashion, as safety switches, where the 
switch can detect an unsafe travel of 
such a moving member. 

The operation of a precision switch 
is based upon snap-acting contacts ac- 
tuated by the motion of a_ plunger. 
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GENERAL 


Snap Action—Snap action is a rapid motion of the 
contacts from one position to another position, or 
their return. This action is relatively independent of 
the rate of travel of the actuator 


Precision Snap-acting Switch—A precision snap-act 
ing switch is a mechanically operated electric switch 
having predetermined and accurately controlled char 
acteristics. A precision snap-acting switch consists of a 
basic switch used alone, a basic switch used with 
actuator(s), or a basic switch used with actuator(s) 
and an enclosure 


Basic Switch—A basic switch is a precision snap-acting 
switch of either the open type, skeleton type, or the 
type encased within an envelope. A basic switch is 
normally used within a protective enclosure or is 
used as a component 


Momentary Contact Switch—A momentary contact 
switch is a switch which returns from the operated 
condition to its normal circuit condition when the 
actuating force is removed 


Maintained Contact Switch (Reset Switch)—A main 
tained contact switch is a switch which remains in a 
given condition until actuated to another condition, 
which ts also maintained until further actuation 


Actuator (Switch Actuator)—An actuator is the mech 
anism of the switch or enclosure which, when moved 
as intended, will operate the contacts 


Auxiliary Actuator—An auxiliary actuator is a mech 
anism which may be attached to a switch to modify 
its characteristics 


Operating Force—Operating force is that straight line 
force in the designated direction applied to the actua 
tor to cause the switch contacts to snap to the 
operated contact position 


Pretravel—Pretravel is the distance or angle through 
which the actuator moves from the actuator free posi 
tion to the actuator operating position 


Operating Position—Operating position is the posi- 
tion of the actuator at which the contacts snap to the 
operated contact position 


Overtravel—Overtravel is the movement of the actua 
tor beyond the operating position. (This characteristic 
is usually expressed as a minimum value; however, it 
is recommended that this figure not be exceeded 
in use.) ‘ 





TABLE | 
NEMA DEFINITIONS FOR PRECISION SNAP-ACTING SWITCHES 


Total Travel—Toral travel is the sum of the pretravel 
and overtravel 


Contact Force—Contact force is the force exerted by 
the moving contact on a stationary contact. 


Break Distance (Contact Gap)—The break distance 
of a switch is the effective open gap distance between 
the stationary and movable contacts. 


Repeatability—Repeatability is the ability to consist 
ently maintain the original operating characteristics 


MOMENTARY CONTACT 
SWITCHES 


Normal Contact Position—Normal contact position is 
that position of the contacts which exists when no 
operating force is applied 


Free Position—Free position is the initial position of 
the actuator when there is no external force (other 
than gravity) applied on the actuator and the switch 
is in the specified position 


Release Force—Release force is the value to which 
the force on the actuator must be reduced to allow 
the contacts to snap from the operated contact posi- 
tion to the normal contact position 


Force Differential—The force differential is the dif 
ference between operating force and the release force 


Releasing Position—Releasing position is that posi- 
tion of the actuator at which the contacts snap from 
the operated contact position to the normal contact 
pysition 


Movement Differential—Movement differential is the 
distance or angle from the operating position to the 
releasing position 





MOVEMENT CHARACTERISTICS 


POSITIONS OF PLUNGER 


SEE ET Bat 


FORCES ACTING ON PLUNGER 

















Fig. 1 shows a typical construction and 
operating principles for this type 
switch. The important definitions re- 
lated to the travel of the plunger and 


the action of the switch as a function 
of plunger position are listed in Table 
I. The short-travel of the plunger unit 
may be amplified for many applications 
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by an appropriate actuation using the 
lever principle. The actuator configura- 
tion is adaptable to the configuration 
of the apparatus which the switch is 
to control. Fig. 2 shows some actuator 
designs by Haydon Switch, Inc. Fig. 3 
shows switch actuator assemblies of 
hermetically-sealed precision switches 
by Electro Snap. To adapt a precision 
switch to an application, the available 
motion must be converted to the re- 
quired operating motion for the basic 
switch. This is the function of the actu- 
ator. Available force configuration, and 
mechanical travel govern the choice of 
actuation. 

The proper application of a precision 
switch involves selection of the switch, 
choice of actuator, and correct installa- 
tion. Table II lists the items to be con- 
sidered, with descriptions. 

The chart of Table III shows the 
effects of temperature on a Unimax 
precision switch. The specific curves 
high-light the aspects of performance 
listed in Table II, indicating the gen- 
eral nature of the variations to be 
expected under extreme temperature 
conditions. Figs. 4 through 11 show 
some of the many types of precision 
switch-actuator combinations. 


HEAVY-DUTY LIMIT SWITCHES 


Heavy duty limit switches are distin- 
guished from the sensitive type by 
their current handling capacity (much 
higher) and the severity of the pun- 
ishment they must withstand in use. 
The selection factors must take into 
account the nature of the environment, 
the means of actuation, and the con- 
tact system. 





COURTESY MICRO SWITCH 


Fig. 1—Snap-acting precision switch 
operating principles. The long member 
of the one-piece beryllium © copper 
spring (C) is supported as a cantilever 
at (M). In the unoperated position the 
silver contact (A) is held against the 
upper stationary contact by the ver- 
tical upward component of force ex- 
erted by the side members of the spring. 
The two side blades (compression mem- 
bers) are supported in grooves in the 
anchor (D). Depression of the plunger 
(E) snaps the moveable contact from 
the upper stationary contact to the 
lower one. 
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Hinged Leaf Actustor with 
Hump & 4” 


Overtravel with 4" 





Spring Leaf Actuator 
with Overtravel 


Spring Leaf 
Actuator 





Hinged Roller Hinged Leaf 
Actuator Actuator with added 
overtravel 





Push Button Actuator 









Hinged Roller Actuator 
(righthand operation) 





Hinged Roller Actua‘’or 
i " Overtravel 






Hinged Roller 





Hinged Roller Actuator 
(lefthand operation) 


Fig. 2—Some of the many types of actuators which may be used with 
precision switches in specialized applications. 


Hinged Leaf Actuator 
with Hump 
(For use with cams) 


Push-Pull (interlock) 
Actuator 





Hinged Leaf 
Actuator 


Plunger Type 
Actuator 





Plunger Type 


Actuator Actuator 





Roller Plunger Actuator 








Because heavy-duty limit switches 
are generally located right at the con- 
trol point where parts are being ma- 
chined or other severe action is taking 
place, they must be protected from the 
normal industrial hazards of shock and 
vibration, corrosive vapors, coolants 
and cutting oils, flying chips, dust and 
other contaminants. To meet these 
severe conditions gasket sealing is com- 
monly used. However, since this is not 
hermetic sealing, humidity under 
changing temperatures, as well as par- 


ticularly heavy splashing of liquids can 
contaminate the internal switch ele- 
ments. Suitable switch location and 
orientation, and some kind of seal at 
the wiring conduit (through which 
moisture frequency enters) will mini- 
mize problems of this type. 

It is particularly difficult to protect 
standard switches from corrosive fumes 
although suitable sealing techniques 
will extend switch life. For’ true pro- 
tection, hermetically sealed units simi- 
lar to military types are required. Since 
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Fig. 3— 
semblie:s 


such ut 
pacity, | 
tion ‘wi 
which © 
vicinity 

Shock 
are mo: 
plicatior 
able ori 
the pri 
cause a 
switch « 
shock si 
and usi! 


ACTUAT 
SWITCH 


The prit 
duty lim 
of the © 
actuatio. 
actuatio: 
provide 
impacts, 
snappin; 
in gene! 
switch 
good re 
travel ( 
beyond 
should | 


} strain in 


assemb] 
spring. * 
will res 
switch ¢ 
actuatio! 
ordinary 
as well ; 
tions for 


sary for 


OCTOBER 





> 


itor 


ith 





A 


ids can 
‘h ele- 
n and 
seal at 
which 


| mini- 


protect 
. fumes 
niques 
le pro- 
‘s simi- 
. Since 











Fig. 3—Electrosnap hermetically sealed switches showing variety of actuator as- 


semblies. 


such units are generally of low ca- 
pacity, they may be used in conjunc- 
tion ‘with a remotely located relay 
which has been removed from the 
vicinity of the corrosive atmosphere. 

Shock and vibration effects which 
are most severe on punch press ap- 
plications may be minimized by suit- 
able orientation of the switch so that 
the principle forces do not tend to 
cause a false switch operation. The 
switch design itself can be made less 
shock sensitive by minimizing masses 
and using high contact pressure. 


ACTUATING THE HEAVY-DUTY 
SWITCH 


The principal cause of failure of heavy- 
duty limit switches is as a consequence 
of the impact forces involved in the 
actuation of high speed systems. The 
actuation system should be designed to 
provide smooth accelerations, minimize 
impacts, avoid sudden release and 
snapping back of the actuator arm, and 
in general minimize the strains on the 
switch assembly. Where long life and 
good repeatability are required, over- 
travel (the movement of the actuator 
beyond the point of switch action) 
should be minimized because of the 
strain imposed not only on the. switch 


assembly but also on thé , internal, 


spring. Wear on the actuation surfaces 
will result in a gradual shift in the 
switch operating point. The design of 
actuation elements must be based upon 
ordinary principles of cam actuation, 
as well as the manufacturers’ specifica- 
tions for the switch. Protection is neces- 
Sary for excessive travel which may 
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Fig. 4—Hermetic sealed switch by Hay- 
don impervious to the deteriorating 
effects of JP-4 fuel. Evaluation tests in 
the laboratory show that the new seal 
construction resists JP-4 fuels for over 
one million cycles with an immersion 
time of eight weeks. The cycling tests 
were conducted at a low temperature of 
minus 65F and a high temperature of 
250F without ill effects to the seal. 
Laboratory tests also showed that the 
new seal withstands 155 PSI differen- 
tial pressure for six hours with no evi- 
dence of leaks. 


destroy the switch. Table IV gives sug- 
gestions by NEMA (Pub, No. 1C3- 
1959) for the proper application of 
industrial limit switches. 


PRESSURE SWITCHES 


Pressure switches as the name implies 
are switches whose response is a func- 
tion ef.the gas or liquid pressure which 
they are.designed to regulate and con- 
trol. Applications include response to 
altitude, air speed, fuel pressure, liquid 
level, air flow, hydraulic pressure, depth 
pressures undersea). Switches may 
respond :to absolute, gauge or differen- 





TABLE Il 


PRECISION SWITCHES PERFORMANCE 
AND APPLICATION FACTORS 


REPEAT ACCURACY 


For many control applications repeat- 
ability is important. Accuracies are avail- 
able to 0.0001 inch. However, drift occurs 
with temperature variation and use, and 
manufacturers often specify repeatability 
in 100,000 successive operations. For pre- 
cise applications, only light electrical load- 
ing is permissable to avoid contact stick- 
ing. 

DIFFERENTIAL MOTION 


Where the switch is used in conjunction 
with pressure and temperature sensing 
elements for control purposes, a close dif- 
ferential motion is required between op- 
erate and release position. Differential 
motions of the order of 0.0002 inches are 
available. 


OPERATING FORCE 


This force depends on spring stiffness and 
contact separation. The available force in 
most machine tool application is ample 
for positioning controls. In measurement 
and regulator applications, a uniform 
force with a close differential between 
operate and release is important. 


LOAD FACTORS 


Heavy loads cause contact stickiness and 
reduced repeatability. Contact materials 
must be related to load requirements, 
both as regards capacity at high power 
levels, and low contact resistance at milli- 
watt power levels. Operating forces are 
higher in heavy load switches. 


LIFE 


Mechanical life is determined by the 
fatigue characteristics of the spring. Wide 
contact spacing in high voltage units 
means more spring motion, greater fatigue 
stresses, and shorter life. Electrical life de- 
pends very much on proper operation 
within the contact ratings, as discussed 
in Part | of this Components Digest. In- 
ductive loads, lamp and motor loads, con- 
tact source and welding of contacts are 
factors governing contact life. 











tial pressures. By means of adapting 
elements, these switches may be ap- 
plied to a great variety of applications 
such as measuring air flow, for ex- 
ample. Table V_ presents pressure 
switch terminology as applied by Con- 
solidated Controls Corp. Fig. 12 illus- 
trates, diagramatically, the operating 
points in a snap-acting pressure switch, 
as illustrated by Barksdale Valves. 
These may be compared with similar 
designations for snap-acting switches as 
previously presented. Figs. 13 through 
16 describe some commercially avail- 
able pressure switches. 

Environmental Factors—The environ- 
mental factors applicable to switches 
in general may be directly applied to 
pressure switches. The switch must be 
designed to withstand the extreme 
pressures occurring under transient or 
fault conditions without damage. False 
actuation due to shock and vibration, 
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or pressure fluctuations must be avoid- 
ed. Units are available with integral 
shock mounts, see Fig. 17 (this figure 
also shows a typical vibration test re- 
sult for a pressure switch). Ambient 
temperatures of 650F and higher can 
be withstood by some switches. 


THERMAL SWITCHES 


The varieties of switches previously 
described cover the great majority of 
general purpose applications. In addi- 
tion to these, there are many specialized 
switch types which are more or less 
widely used, the commonest being the 
thermal switch. 





Fig. 5—These switches by Haydon 
Switch, Inc. are qualified to the basic 
snap-action switch specification MIL-S- 
6743 and the vibration requirements of 
MIL-E-5272A, Procedure II. Other 
types feature the actuating button in 
off-center position, and extremely low 
operating forces. Furnished with pin, 
integral wire or flat leaf actuators, 
these models cover an operating force 
range of 2.5 to 60 grams. 








Fig. 7—New quick-connect terminals 
for high-sensitivity snap-acting switches. 
New male snap-on terminals provide 
firm, vibration-resistant installation to 
high-sensitivity snap-acting miniature 
switches. The new terminals fit between 
the molded barriers on the Unimax 
switch base, and the securing screw 
spreads the slotted end to give solid, no- 
turn installation that resists shock and 
vibration. 
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of actuating means. 








Fig. 6—Snapac switches by Controls Company of America showing variety 











FLEXIBLE BUSHING 















Fig. 8—Sealed subminiature switch 
provides splash-proof, dust-proof, explo- 
sion-proof operation. The Unimax sub- 
miniature snap-acting switch was de- 
veloped for use in applications, where 
small size, reliability, safety in explo- 
sive atmosphere, with sealing against 
moisture, dust, and splashing liquids 
are essential. The switch has a flexible 
bushing compressed around the pin 
actuator inside the phenolic case. 


Fig. 10—One-way switch with rub- 
ber boot on actuator to protect it 
from splashing oil and water, dirt 


and metal chips. 





WN 


Fig. 11—Electrosnap hermetically-sealed switch on aircraft landing gear. 





Fig. 9—One of Electrosnap’s hermeti- 
cally sealed switches for aircraft use. 
Widely used to indicate position of 
landing gear, bomb bays, etc. 
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COURTESY ELECTROSNAP CORP. 
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and here itis... 
newest, most modern springmaking plant in the world 


Ground broken in June. . . now beginning 
operation . . . this modern plant of our Gibson 


Here is further evidence of adapting to needs 
of industrial markets—already demonstrated 


Division means improved quality, production 
efficiency and customer service — the prime 
objectives of Associated Spring Corporation. 
In the mid-continent region, for example, we 
now provide in addition to this plant, a new 
sales and engineering office in Chicago, plus ex- 
panded operations in the Milwaukee Division. 


in the strategic location of other Associated 
Spring Divisions and sales offices throughout 
the United States, Canada and Puerto Rico. 
It’s also assurance of progress, stability, and 
responsibility that you expect from the leader 
in precision mechanical springs and small 
stampings. 











Associated Spring Corporation 


General Offices: Bristol, Connecticut 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 
Gibson Division, Mattoon, Ill. 

Chicago Sales Office, Chicago, Ill. 

Milwaukee Division, Milwaukee, Wis. 

Ohio Division, Dayton, Ohio 


Raymond Manufacturing Division, Corry, Penna. 
Cleveland Sales Office, Cleveland, Ohio 
Seaboard Pacific Division, Gardena, Calif. 

San Francisco Sales Office, Saratoga, Calif. 


B-G-R Division, Plymouth and Ann Arbor, Mich. 
F. N. Manross and Sons Division, Bristol, Conn. 
Dunbar Brothers Division, Bristol, Conn. 
Wallace Barnes Steel Division, Bristol, Conn. 


Subsidiaries — Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Associated Spring of Puerto Rico, Inc., Carolina, P.R. 
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majority of these are simple thermo- 
static-like devices whose performance 
depends upon the action of a bi-metal- §=}—- — — —>- be em 
lic element. The principal design fac- | — — — —_| 
tors relate to accuracy and _ repeat- 
ability, temperature range, thermal lag, 
configuration, and ruggedness. Often 
the nature and capacity of the con- 
tacts constitute additional factors. 
Specific switch designs may fea- 
ture compactness, low thermal time 
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Fig. 12—Operating points, snap acting pressure switch. Adjustable range is pres- 
sure range within which the actuation point of a pressure actuated switch may be 
adjusted. Reactuation point is the pressure at which the snap-action switch is 





lags, extremely high temperatures, high 
resistance to vibration and shock (as 
for jet aircraft application) and _her- 
metically sealed types which provide 
thermal indication with minimum drift 
under extreme shock, vibration, and 
other severe environmental conditions. 
Such units generally employ stainless 
steel welded construction to achieve 
the required reliability. Environmental 
requirements are generally derived 
from MIL-E-5272A. 

Thermal controls are particularly 
difficult to apply in closed loop tem- 
perature regulating systems because of 
the time lags in response which gen- 
erally characterize such systems. Fen- 
wal describes the approach to suc- 
cessful operation of a temperature 
regulation system; some of their recom- 
mendations are summarized below. 

Thermal Switch Application—There 
are two separate aspects to any tem- 
perature control problem: proper in- 
stallation of the thermostat within a 
well designed control system, and 


proper design of the heat system and 
the relation of the thermostat to it. 

In any typical thermal control ap- 
plication, the total variation of tem- 
perature about the desired value is 





Fig. 16—High temperature pressure 
switch by Consolidated Controls Corp. 
This switch is rated for continuous duty 
at temperatures up to 650F. The per- 
formance is attained by use of all- 
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restored to its original circuit. 





Fig. 14—Differential pressure switch. 
This is a multiapplication, pressure op- 
erated electrical switch, designed for 
military and commercial use. The pres- 
sure switch is of aircraft quality and 
fabricated for pneumatic or hydraulic 
systems operating with pressures up to 
5000 PSI. The pressure switch is sen- 
sitive to, and actuates from differential 
pressures within a system or unit, and 
moves to positively trip an electrical 
switch. The switch employs a spring 
loaded poppet valve which, when moved 
off its seat, exposes a secondary sur- 
face for the pressure to act against. The 
poppet is immediately forced to the full 
open position. When the poppet moves 
from the secondary position to the full 
Open position, a cam lever is actuated 
and trips an electrical switch to make 
or break a circuit. The pressure switch 
is available with a normally open or 
normally closed switch. 





welded stainless steel construction, an 
advanced type of snap-action switch 
element, and a_ precision  stacked- 
capsule sensing element. Operating 
media include standard aircraft fluids, 
air hydraulic fluids, MIL-O-5606, MIL- 
L-7808 and others. Primarily utility is 
in airframe, missile and rocket appli 
cations, particularly in hot spots near 
engines or where air friction raises tem- 
peratures. Vibration performance meets 


the requirements of MIL-E-5009A. 


¢-& VANE 


CAT. 134 ne 
RESSU 
TYPE SWITCH 








Fig. 13—Air flow interlock for use in 
forced air cooling of electronic equip- 
ment, This is a vane type pressure air 
flow switch used as an air flow inter- 
lock in forced air cooling of electronic 
equipment built to military specifica- 
tions. It is designed to operate a con- 
tro] relay when a predetermined mini- 
mum flow of air occurs due to: partial 
loss of power of a three phase system; 
loose boots, clamps, or flanges in duct; 
or any other air-flow impeding factor. 
A decrease in air-flow results in exces- 
sive temperatures in vacuum tubes. Re- 
sistors become unstable, capacitors de- 
compose and suffer dielectric failure. 
The insulation resistance of paper ca- 
pacitors may be halved for each 10C 
increase in work temperature. Thus 
poor reliability is associated with exces- 
sive temperature that can resu't from 
air flow failure. This switch operates on 
the static pressure plus the velocity 
pressure and, therefore, a substantial 
amount of force is available for opera- 
tion of the interlock. Pressure inter- 
locks are relatively immune to shock 
and vibration. 
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Boeing Airplane Co. needed special potentiometers for the guidance 
systems of their deadly Bomarc surface-to-air missiles. The 

necessary potentiometers had to withstand severe vibration and shock 
and still retain uncanny accuracy within extreme tolerances. 

The solution to this difficult reliability problem? The design, 
development and production facilities of the Borg Equipment Division 
of the Amphenol-Borg Electronics Corporation. The result? 

Specially designed potentiometers exceeding all required specifications. 
Many industry leaders have found that they can depend on Borg 
engineering skill and cooperation. Call on Borg 

when you are faced with difficult design, development or 

production problems. Chances are you'll save a good deal of 

time and money and find it makes good sense to call on Borg. 
Write for our new facilities brochure. 


BORG EQUIPMENT DIVISION 
AMPHENOL-BORG ELECTRONICS CORPORATION 
JANESVILLE, WISCONSIN 
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larger than the thermostat differential 
as a result of “hunting”. The amount 
of this temperature variation about the 
mean value is determined by three 
factors: (1) heater characteristics, (2) 
the process being controlled, and (3) 
the controlling thermostat. 

Resistance type heaters employ a 
minimum amount of. insulating ma- 
terial, reducing heater lag to a mini- 
mum. Intimate association of this type 
of heater to the process produces a 
minimum lag effect. Radiant type heat- 
ers usually have a small lag and 
transfer a substantial portion of the 
heat to the process by means of radiant 
energy. 

Process Characteristics—Transfer of 
heat from the source to the process 
should be as effective as possible. If 
the process consists of a metal unit, 
the heater should be cast into the block 
itself. If this is not possible, the heater 
should be in direct and firm contact 
with as large an area as possible. In 
processing involving metallic objects, 
the metal used should have high heat 
conductivity and a low value of specific 
heat to prevent excessive gradients 
within the metal structure. 

In the case of liquids, placing the 
thermostat only a few inches above the 
heaters will give better control. With 
gases the best position of the control 
unit is directly above the heating ele- 
ment in the lower part of the oven. 
The result is rapid cycling and greater 
control. The use of an agitator is recom- 
mended for liquids and gases to re- 
duce the heat gradient throughout the 
entire process. 

Unformity of temperature within the 
process to be controlled can be ob- 
tained by distributing the heat or 
heaters over as large a portion of the 
process as possible. 

To provide minimum temperature 
variations from heat transfer lags at 
the point of control, the sensitive por- 
tion of the control and the heat source 
should be placed as close together as 
possible but not in direct contact. The 
thermostat naturally controls the tem- 
perature of only the region in which 
it is located. 


MOTOR PROTECTION 


The Spencer Thermostat Division of 
Metals and Controls Corp. as well as 
other manufacturers, provide thermal 
switches for use with rotating electrical 
machinery. Most often these serve as 


64 





Fig. 15—Pressure switches with integral vibration isolation, made by Consolidated 
Controls Corp. Integral vibration isolation between the mounting bracket and 
switch body makes possible good performance under vibration and shock condi- 
tions. Switch performance remains well within tolerances. An SPDT snap-action 
switch element is employed. These units provide an external adjustment for chang- 
ing the operating point. External readjustment of the set point can be made with 
the unit installed for operation. These units can be used with the standard air- 
craft fluids and with corrosive media such as oxidizers, rocket fuels, and MIL-O- 
7808 oil. 
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Fig. 17—Operating performance of the Haydon 1500 series pressure 
switch during vibration at up to 2,000 cps at 50g. Actuation remains 
within tolerance limits at a!] times, with no flicker at any point during 
test. A vibration isolator is optional, and not an integral part of the 
pressure switch assembly. Isolation is provided by a molded insert located 
between the mounting bracket and the switch housing. The assembly will 
withstand severe vibration and shock loads, offering isolation from 
200 cps and up in the standard production version. 
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NEW ACCURACY 


for industrial remote control 


cartroxn GQ 


MATERIAL HANDLING 


Extreme accuracy — within 4 degree « High frequency PACKAGING 
response — three times greater than obtained with conventional TESTING: be 











electrical equipment ¢ Self-contained — simple and easy to 
install, operate and maintain « Complete versatility — readily 
adaptable to all phases of industry « Operates on 115 V, 60 
cycle power. 
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TABLE Ill 


Test Results on Precision Switch Under Extreme Environmental Conditions 


Switch Type FC-2, Unimax Switch Div., W. L. Maxson Corp. 





Specifications: 
1. Temp. Range —65F to +650F 


2. Rating 
range) 
Max. Current 4.0 Amp. 18-30V D.C. Resistive 

2.5 Amp. 18-V. D.C. Inductive 
Min. Current 0.1 Amp. 18-V. 


(Applicable through full temp. 


3. Life 


Mechanical 100,000 operations average 
Electrical 25,000 operations 


4. Temperature soak—250 hrs. at 650F 


5. Temperature Shock—from —65F to 
+650F within one minute 


6. Vibration—Switch to withstand: 
1)Procedure |, Par 4.7.1, MIL-E-5272A 
2)10g from 500 to 2000 cps. 


7. Shock—Method 202A MIL-STD-202A (50g) 


8. Salt Spray—Method 101A Condition A 
MIL-STD-202A (96 hours) 


9. Fungus—Procedure |, Par. 4.8.1 MiIL-E- 


All units re ered to 
infinity after return 
to amb. at end of test 


Average 


—_E—EOEOEOEeEeee 


Minimum 
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overheating protection. Operation may 
be based upon actuation by heaters 
responding to line current (which de- 
tect an overload or stall motor condi- 
tion) or by excessive total ambient 
temperatures (including equipment 
temperature rise). Such thermostatic 
devices are particularly useful in mili- 
tary equipment where maximum motor 
output is required, and reliability is 
paramount. Where ambient tempera- 
tures in the vicinity of the motor are 
low, the thermostat will allow the mo- 
tor to deliver more output before its 
safe temperature rise is exceeded, and 
vice-versa. Intermittent duty motors 
with high momentary peak outputs are 
properly protected with thermal 
switches. Self-cooled fans, upon whose 
proper functioning may depend the 


66 


life of heavy electronic gear, often em- 
ploy thermostats which quickly shut 
off power if the fan ceases to deliver 
an adequate amount of cooling air. 

Thermostats are also employed in 
temperature regulation of precision 
electromechanical components such as 
integrating tachometer generators. 
Here the requirements include clean 
snap-action to avoid generation of radio 
interference, close differentials, a stable 
regulation point, and adequate ca- 
pacity for the heater current. As in all 
such applications the thermostat must 
be in good thermal contact with the 
elements whose temperature must be 
controlled. Contact considerations are 
the same as for other switching de- 
vices. 

Other thermal switching devices are 


available. Thermometers may incorpo- 
rate contacts at various levels which 
are actuated by the expansion of the 
mercury column. The mercury can also 
be used to exert pressure on a dia- 
phragm and actuate a switching ele- 
ment. This latter type is capable of 
developing large switching forces and 
consequently can be made very rugged. 
The Vapoflash by Manning, Maxwell 
and Moore is of this type. 


MISCELLANEOUS SWITCH TYPES 


As indicated in Part I of this Com- 
ponents Digest, the variety of types 
is almost endless. Switches are used in 
so many places and in so many ways 
and environments are so diverse that 
many specialized switch types have 
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TIME DELAY 


TIMER 
Provides time delay in ranges 
up to 9.5 minutes. Ideal for 
such applications as the 
protection of power tubes 


and/or operating preset _ 
operating cycles. Available in 


120 or 240 volt, 50 or 60 
cycle current. 
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It takes Tough Testing to 
build Timing Performance 













When you buy a Haydon Timing Motor or Timing 
Device, you buy high quality and superior performance, 
because every production model and every new design 
has proved itself by passing the toughest, most exhaus- 


















tive series of tests that our engineers can devise. 
Quality control at Haydon starts with a careful inspec- 
tion of all in-coming materials. It continues throughout 
production — with all parts and assemblies gaged, in- 
spected or physically tested after every operation that 


can affect the performance of the finished motor or 
device. Final step is an inspection of completed motors 
and timing devices. All units are performance tested 
for many hours under varying conditions and are check- 
ed for quiet operation. Percentage samples of each lot 
are checked for torque rating, timing accuracy, and ac- 
curacy and alignment of gears and shafts. In addition, 
all new designs and periodic samplings from production 
are subjected to special “life endurance” tests in which 
hundreds of units are run continuously under various 
load conditions. In some instances, units have now been 
running ceaselessly for more than 10 years. . . proving 
their ability to perform millions of cycles without failure! 
When you submit your timing problems to Haydon, you 
can be certain that our teams of engineers and other 
Timing Specialists have the experience, knowledge and 
facilities to supply devices designed, produced and 


tested to meet your needs exactly and perform accord- 
ing to your specifications. 
For further information, write now, outlining your 


timing requirements. 
DIVISION OF 
GENERAL TIME CORPORATION 








2834 EAST ELM STREET 
TORRINGTON, CONNECTICUT 


Haydon | 


AT TORRINGTON 
Headquarters for Timing 
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400 CYCLE 
MOTOR 


These split phase motors 
provide the military an 
accurate approach to timing 
control for military 
applications. Rotor speed is 
3,000 RPM at 400 cycles, 115 
volt normal. Two models are 
available — Heavy Duty with 
18 gram millimeters torque at 
the rotor, and the Miniature 
with 5 gram millimeters at 
the rotor. These motors may 
be applied to Haydon gear 


trains if desired. 





CYCLE TIMER 





These units repeat a set cycle 
or sequence of operations as 
long as the motor is energized. 
Available in a wide choice of 
speeds, a broad range of 
timing intervals, and with a 
wide range of enclosed single 
ole, double throw switches 

r 120 and 240 volt operation, 


fo 
for 50 and 60 cycles. 
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SUGGESTIONS FOR THE 


TABLE IV 


PROPER APPLICATION OF INDUSTRIAL LIMIT SWITCHES 
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Opposite polarities should not be con- 
nected fo the contacts of one limit switch 
unless the limit switch is specifically de- 
signed for such service. 
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Power from different sources should not be 
connected to the contacts of one limit switch 
unless specifically designed for such service. 
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Limit switches should be used within their 
contact ratings. 
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Where relatively slow motions operate the 
limit switch, it should generally be snap- 
acting. 
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Cam or dog arrangements should be such 
that the actuator is not suddenly released 
to snap back freely. 
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Where relatively fast motions are involved, 
cam arrangements should be such that the 
actuator does not receive a severe impact. 
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Where relatively fast motions are involved, 
cams should be designed such that the limit 
switch will be held operated long enough to 
operate relays valves, etc. 
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WRONG WRONG 
Limit switches are designed for proper per- 
formance with the actuators with which they 
are supplied. Supplementary actuators 
should not be used unless the limit switches 
are specifically designed for them. 
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Operating mechanisms for limit switches 
should be so designed that, under any op- 
erating or emergency conditions, the limit 
switch is not operated beyond its overtravel 
limit position. A limit switch should not be 
used as a mechanical stop. 
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For limit switches with pushrod actuators, 
the actuating force should be applied as 
nearly as possible in line with the pushrod 
axis. 
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For limit switches with lever actuators, the 
actuating force should be applied as nearly 
perpendicular to the lever as practical and 
perpendicular to the shaft axis about which 
the lever rotates. 
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A limit switch actuator must be allowed to 
move far enough for positive operation 
of the contacts. 
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Limit switches should be mounted in loca- 
tions which will prevent false operation by 
normal movements of operator or machine 
components. 
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Limit switches should be mounted rigidly 
and in readily accessible locations, with 
suitable clearances to permit easy service 
and replacement when necessary. Cover 
plates should face the maintenance access 
point. 
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Limit switches should not be submerged in 
or splashed with oils, coolants, or other 
liquids unless specifically designed for such 
service, 
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TABLE IV continued 
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Limit switches should be placed in locations 
where machining chips do not accumulate 
under normal operating conditions. 
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Limit switches should not be used in lo-a- 
tions where temperature or atmospheric 
conditions are beyond those for which they 
have been specifically designed. 

















Fig. 18—Ball-type inertia switch. 


been developed. There are some com- 
panies whose output depends almost 
entirely on some specialized design 
which they have brought to an ad- 
vanced point of development. In this 
section, we will briefly consider some 
of the more specialized switches. 

Inertia Switch, Inc. has developed a 
new acceleration switch, for applica- 
tions involving critical control or limits 
on acceleration changes in two direc- 
tions. Used in missiles and _ aircraft, 
this switch, Fig. 18, is responsive to 
axial acceleration, uni- and_bi-direc- 
tionally, from 5g to 50g. Its actuating 
time is 20 millisecs, with accuracy 
within 5%. 

A new design is responsible for the 
accuracy, dependability and_repeat- 
ability. It has only one moving part: 
a precision ground ball held by a uni- 
form magnetic field. The ball is re- 
leased to close or open an electric cir- 
cuit when the force of acceleration 
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ACTUATION POINT 


DEACTUATION POINT 


ACCURACY 
TOLERANCE 


ADJUSTMENT RANGE 


DIFFERENTIAL VALUE 


ACTUATOR OR SENSOR 


KINDS OF PRESSURE 


ABSOLUTE: 


AMBIENT: 


ATMOSPHERIC OR 
BAROMETRIC: 


DIFFERENTIAL: 


GAUGE: 


PROOF: 


RATIO: 


REFERENCE: 


STATIC: 


VARIABLE: 


WORKING PRESSURE: 


TABLE V 


PRESSURE SWITCH TERMINOLOGY 


The pressure at which the electrical switch is actuated. 


The pressure at which the electrical switch is returned to its 
original condition. 


The ability of a pressure switch to repeat its operation consistently. 


The operational limits of a pressure switch, under ail specified 
operating and environmental conditions. 


The pressure limits within which both the actuation point and 
the deactuation point may be adjusted. 


The pressure difference between actuation point and deactua- 
tion point. 


The diaphragm, capsule bellows, piston, Bourdon tube, etc. that 
senses the pressure and actuates the circuit changing mechanism. 


The difference between perfect vacuum, or zero pressure abso- 
lute and known pressure. It is the sum of gauge pressure and 
barometric pressure. 


The exterior pressure surrounding the pressure switch. It may or 
may not be atmospheric pressure. 


Standard barometer reading at sea level and 32°F is 29.92 
inches of mercury. This pressure decreases, but not uniformly, 


with altitude. 


The difference between a variable pressure and a reference 
pressure, or between two variable pressures. 


The pressure indicated by a common pressure gauge above 
(or below) atmospheric pressure, and varying with barometer 


reading. 


The safe pressure level that can be applied without permanently 
changing the actuation point. 


The ratio between two pressures. Actuation point of a ratio 
switch is based on the ratio of two pressures. 


A specified pressure on which actuation point is based; may be 
absolute, or controlled pressure. 


The pressure maintained by a head of stationary fluid. 


A changing pressure, normally the one which actuates the pres- 
sure switch. 


The pressure of the system in which the pressure switch is used. 








exceeds the magnetic force. 

The switch is factory pre-set, with 
nominal setting specified by the user. 
It can be adjusted if desired. Its service 
life is 100,000 cycles, and it meets 
MIL-E-5272-A. 

Electro-Tec describes a low torque, 
miniature rotary selector switch of 
novel and useful character. In the de- 
sign of the switch, housed in a size-10 
synchro housing, each input ring is 
interconnected to a separate segment 
of the commutator ring (output). Every 
other segment of the commutator is 
“dead”, yielding a “break-before-make” 
switching arrangement. With _ this 
switching sequence, up to 12 circuits 
and more can be incorporated. Addi- 
tional circuitry can be obtained by in- 


creasing the housing size. 

Fig. 19 shows Electro-Tec’s stand- 
ard 8 position switch. The variations 
on this standard switch are innumer- 
able. For example, by merely eliminat- 
ing the dead segments, a “make-before- 
break” switch is obtained. By adding 
two or more commutator rings, and by 
interconnecting the input rings to 
require segments of the commutator 
ring or rings, wide variations in output 
signals are obtained. The interconnec- 
tion between rings is done internally, 
ie., all wires are buried in the plastic 
material which makes up the rotor. 
Separate circuits can also be built into 
the switch, so that two or more opera- 
tions can be done by a single switch. 

These Electro-Tec switches described 
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are designed for low current and volt- 
age applications, such as, sampling, 
selecting, telemetering, wave-shaping, 
counting, computor conversion, etc. 

A field where rotary switches are 
finding new applications is in schedul- 
ing and programming devices. Here, 
switches are replacing transistor cir- 
cuits with a considerable saving in cost 
and weight and with a great increase 
in reliability. To increase the current 
switching capacity for these applica- 
tions, silver graphite brushes may be 
used. 

Electrolytic switches have been de- 
scribed by Lear. A specific type was 
originally designed as a leveling switch 
to control the torque motors in a gyro 
stabilizing system. These alternating- 
current units may be applied as highly- 
sensitive leveling devices, (see Fig. 
20). 

In the Lear design, the switch body 
is of glass, fused to an alloy cup of 5% 
iridium, 95% platinum. The receptacle 
is partially filled with a special electro- 
lyte, in precisely-controlled quantity, 
to leave an air bubble of exact dimen- 
sions. When the switch is tilted from 
true horizontal, the bubble shifts po- 
sition, varying the amount of electro- 
lyte in contact with the iridium-plati- 
num electrodes. The resultant change 
in conductivity and variation in cur- 
rent may be used to control electrical 
circuits to assure a true gravity-refer- 
enced position on both axes at all 
times. Fig. 21 shows the performance 
of this switch as a function of angular 
displacement and temperature. 

Recently Ovitron has announced an 
electrically controlled electrolytic switch 





Fig. 19—Standard 8 position rotary 
selector switch made by Electro-Tec. 





Fig. 20—Configuration of Lear electro- 
lyte switch. 
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TABLE VI 
SELECTION AND FITTING OF MERCURY SWITCHES 


TYPE OF GLASS 


1. Plain glass, primarily used in auxiliary 
or control circuits as open-circuit, load or 
load-reversal switch or as occasionally used 
motor switch. 


2 Plain glass with liner in the form of a 
ceramic insert, used in normal type of load, 
load reversal and motor circuits. 


3. Hard glass without liner used as fre- 
quently-operated load and load reversal 
switch where increased safety is demanded. 
This glass is recommended for all special- 
purpose types especially in cases where the 
actual switching is controlled by the shape 
of the glass body as in time-lag switches. 


4. Hard glass with liner made of porcelain 
fused on to the body. For very frequent 
switch operation, used in motor, make, 
break, load, load reversol circuits. 


5. Hard glass with quartz liner, a material 
with an extremely high resistance to arcing. 
Is normally used when exceptionally high 
reliability and a long service life is re- 
quired, 


THE USEFUL SERVICE LIFE OF A MERCURY 
SWITCH DEPENDS ON: 


1. The rated electrical values of the current 
circuit and the operating conditions. 


2. The mechanical characteristics of the unit 
motivating the switch. 


3. The effect of the operating energy pro- 
duced by this motive unit on the mercury 
switch, 


4. The shape and type of the fitting used to 
hold the switch. 


The following should be noted in respect to 
2 and 4: (a) Low and uniform tilt speeds. 
(b) The switch should not be brought to a 
sharp stop at the make or the break posi- 
tion. (c) Shock-resisting spacers between 
switch and its fitting. 


When planning the layout of a circuit, pro- 
vision should be made for the incorporation 
of series-connected fuses, line or motor pro- 
tective switches to take care of any possible 
short circuit. 











TABLE VII 
ANGLE OF TILT DESIGNATIONS 


1. ANGLE OF TILT. The angle of tilt figure 
given for single-pole make and _ break 
switches means the angle through which the 
switch must be turned in order to reach the 
on or make position. The switch is “on” 
when the mercury is evenly distributed over 
the cups, see figure. 


yr > 


AF 


Correct (a) and incorrect (b) po- 
sitions used in defining tilt angle. 


This point is of particular importance when 
the same amount of movement takes place 
every time the switch is moved to “off”. 


Ring or metal electrode switches are con- 
sidered as being on when the electrodes are 
submerged about .02” into the mercury. 


2. TILT ANGLE ON REVERSING SWITCHES. 
The angle of tilt quoted for reversing 
switches is the angle through which the 
switch must pass to move from operational 
position A to operational position B. When 
a plus-minus angle is quoted this signifies 
that the mercury switch must be turned 
through minus x degrees to the left and 
through plus x degrees to the right. 


3. OVERSWITCHING TILT ANGLE. Quite 
often if is necessary to quote the so-called 
overswitching tilt angle of make, break or 
reversing switches. This is the angle through 
which the switch can be turned and still re- 
main “on”. 

For example: Angle of tilt 5 degrees, 
overswitching tilt angle 20 degrees. The 
switch will remain switched “on” in a range 
of 20 minus 5 degrees i.e. 15 degrees. After 
the switch passes out of this range it will 
switch off. 


4. THE FOLLOWING COMMON TYPES OF 
MAKE AND BREAK SWITCHES ARE AVAIL- 
ABLE. 


(a)Two-way only without “off”. All con- 
tacts are bridged over momentarily each 
time the switch is operated. Standard de- 
sign of all types listed. 
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(b)Two-way and paralleling switches. All 
three contacts are bridged with mercury 
when switch is in the centre position. 
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(c)Two-way and off switch. With the switch 
in the centre position all the contacts are 
isolated. When the switch is moved rapidly 
there is a distinct possibility that all three 
contacts will be momentarily bridged. 
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(d)Suitable fuse security must be provided 
for those reversing switches i.e. phase selec- 
tion or motor reversal, where two potentials 
are direct coupled to the switch. 
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Example of phase selection. 








ELECTROMECHANICAL DESIGN 








OCTOBER 








































































me 
| h 
of changing your 
rent y 
a someday ; 
pro- 
cury 
Top Salaries, fully Professional Stature 
competitive with com- is enhanced by project diver- 
pensation throughout the sity that offers ample oppor- 
d to » industry, with increases tunity to develop competence 
based on actual performance. in related disciplines and 
not seniority. product areas. 
t to 
, = Desirable Assignments 
eds. to match your electron- SS a 
o° - - : gram assists new 
: ics specialty in any one professional personnel 
D0SI- of 30 expanding groups; in feeling “at home” 
feen activities range across immediately 
ss “~ the spectrum from . 
audio to infrared. Specific programs 
include a revolutionary Bomb Nav. G. E.’s Famous Benefit 
pro- Radar System, Polaris Fire Control Program that includes 
tien and Guidance Computer, Sidewinder comprehensive insurance 
7 Guidance, Satellite Communications, and the valuable savings 
P o- Advanced Airborne Detection/Data and security plan. 
sible Processing/Command System, and 
Missile Fuzing, to name a few. 
— Promotional Opportunities Vneee nem 
= provided by Light Military’s New York where year 
————. * fast growing programs, as evi- round recreation is close 
denced by the fact that engineering to your door. 
staff and support personnel have 
grown from 160 in 1952 to 1469 this & my 
ee —~A __No Long Commuting 
att Career Stability 90% of LMED’s personnel 
tt A assured by diversification live within 15 minutes 
Ht oa which enables Light Mili- of work. 
supee tary’s expansion to be in- 
OF =§ dependent of any individ- 
AIL- ual military program. You'll be Welcomed 
in a variety of groups 
Graduate Study Plan that make it easy to meet 
that covers the cost people that share your 
con- of tuition, textbooks and : interests — whether they 
each transportation to and be drama, skiing, music, 
de. from graduate school. bridge, photography, hunting, profes- 
sional societies, etc. 
An Opportunity to 
. hog mye geeks scien- 
' ists in G-E laboratories 
4 and gain access to the new- ot, ey tg yy 
est technical concepts. help you find a home 
~¢ (house or apartment) 
mane in-Plant Courses and offer counsel on all 
a provide broad coverage ; __ aspects of your reloca- 
in technical and manage- tion. In addition, we pay moving and 
All rial subjects — are open to transportation costs for you and your 
all professional personnel. family. 
cury a A, 
% IMMEDIATE OPENINGS IN THESE AREAS: 
Microwave Devices & Antennae / Radar & Radio Receiver Design 
Electronic Countermeasures / Missile Guidance Systems 
viteh Digital Techniques / Display Devices / Statistics / Navigational Equipment 
Transistor Techniques / Digital Computers / Data Processing 
idly Information Theory / Transmitter Design / Meteoric Scatter / Sonar / Infrared 
idly 
hree 
WRITE FOR FACT SHEETS giving detailed information on more than 
a dozen additional factors that enter into careful job selection. For prompt 
- consideration, add the following information— your name, home address, 
wy home phone, degree(s) and year(s) received, plus the technical areas you 
are particularly interested in. 
ided 
elec- Address Mr. William Gilmore, Div. 29-MJ 
tials 
LIGHT MILITARY ELECTRONICS DEPARTMENT 
FRENCH ROAD, UTICA, NEW YORK 
WRITE DIRECT OR CIRCLE 58 ON INQUIRY CARD AND INCLUDE HOME ADDRESS 
OCTOBER 1959 71 
DESIGN 

















COMPONENTS = 
* DIGEST 


for industrial applications. This switch, 
properly applied, is claimed to have in- 
definite switching life. Power handling 
capacities are given in hundreds of 
watts. 

Haydon Switch originally developed 
hermetically sealed subminiature 
switches to meet the rugged environ- 
mental conditions of military applica- 
tions. As general industrial requirements 
have become increasingly more de- 
manding, many manufacturers have 
been willing to pay more for a sealed 
switch as a guarantee of foolproof 
operation. In particular, higher tem- 
peratures and use of dry circuits have 
created the need for contacts that re- 
main completely uncontaminated over 
a long period of time. Haydon accom- 
plishes this by evacuating the switch 
and filling it with an inert gas before 
final hermetic sealing. These Haydon 
switches are qualified to the basic 
snap-action switch specification, MIL- 
S-6743, and to the vibration require- 
ments of MIL-E-5272A, Procedure II 
(20-2000 CPS at 20 G’s). 

Revere Corp. of America in Walling- 
ford, Conn. manufactures a unique 
magnetically actuated, dry-read Gla- 
switch of the single pole, single throw 
—normally open—snap action type. 
Contacts are actuated by an external 
magnetic field. which may be obtained 
from a permanent magnet, electro- 
magnet or combination of both. The 
contacts may be magnetically biased to 
a normally closed position and mag- 
netically actuated to the open posi- 
tion. Hermetically sealed in an atmos- 
phere of dry nitrogen with a helium 
tracer, the unit has an operating time 
of 1 millisecond, operating rate of up 
to 400 cycles per second, long life 
and temperature range from —320 to 
+300F standard or —350 to 500F 
special. 

Acro Div. of Robertshaw-Fulton man- 
ufactures a dust and oil tight switch 
that can control up to four separate 
circuits for either pilot or line duty 
in machine tool applications. The ac- 
tuator is adjustable 360° in two planes 
and the rolling spring switch is readily 
replaceable. It is available in two 
types: double action for controlling 
the switch contacts when the actuator 
is moved either side of center or “at 
rest” position and single action for op- 
erating the switch contacts only when 
the actuator is moved in one direction 
from the “at rest” position. 
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Break-glass switches by Automatic 
Switch Co. are used as emergency 
safety controls. 

Esco manufactures a _ heavy-duty 
momentary - contact (spring - return) 
switch encased in a rugged pistol-grip 
handle and installed at the end of a 
rubber-covered 4-conductor cable. 

Thermo Electric Co. manufactures 
key or push-button cabinet type 
switches where a large number of 
thermocouples or resistance bulbs must 
be checked frequently. 

Hetherington, Inc. 
miniature SPST toggle switch with a 
silicone rubber cap on the toggle for 
added protection against moisture. 

Joy announces weathertight, com- 
pletely sealed portable push-button sta- 
tions. 

Time delay switches providing screw- 
type adjustable delays (from 3-40 
seconds) are described by Controls Co. 
of America. This company also manu- 
factures a pressure sensitive switch for 
liquid level measurement. 

Gertsch features a subminiature 
coaxial switch unit, meeting MIL specs, 
and designed for remote electrical con- 
trol of decade or binary information. 
Within the unit are 3 or 4 sub-minia- 
ture switches with up to 10 positions 
on each switch controlled by the con- 
centric dial arrangement. Connection 
to these switches are made by means 
of a sub-miniature connector at the 
rear. 

Precision Mechanisms Corp. manu- 
factures a limit switch-stop for instru- 
ment and servomechanism applications. 
The range adjustment screw permits 
rapid adjustment to any angular rota- 
tion from zero to twenty-five turns. 
Limit switches are actuated at either 
end of shaft travel just prior to contact 
with non-locking limiting stops. 
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MERCURY SWITCHES 


Mercury switches offer an important 
field of potential applications because 
of their capability of making or break- 
ing electric circuits using a liquid con- 
ductor. The important performance 
features are: 

@ Low operational energy required 
since energy isn’t needed to actuate 
the contacts. 

@ Environment cannot cause damage 
to points of contact. 

@ Practically constant contact resist- 
ance even with low voltages. 

@ Good contact at all times even when 
switched on permanently and without 
special maintenance. 

@ No possibility of igniting combusti- 
ble gases by the switching arc. 

@ Instantaneous make or break due to 
the surface voltage of the mercury so 
that these switches are ideal as thermal 
make and break switches or for use 


with regulators of a similar nature. 

@ The glass body can be shaped to 
almost any form. Fitted with suitable 
baflles, such switches are ideal for use 
with all types of time switches. 

@ Possibilities of fitting or installing 
into the widest variety of designs. 

@ No contact “chatter” when switch 
is closed. 

In Table VI, Willy Giinther K.G. 
provides hints on selection and fitting 
of mercury switches, and in Table VII 
they suggest angle of tilt designation, 
PROTECTED MERCURY SWITCHES. 
Protected switches are designed for 
applications that require resistance to 
severe shock and impact as well as for- 
eign elements. Protected switches may 
consist of ordinary high quality glass 
tube mercury switches embedded in 
solid wax or plastic inside metal or 
phenolic cases. The embedment ma- 
terial not only protects the switch but 
provides seal and electrical insulation 
around the lead entrance. The en- 
closure also simplifies mounting since 
the unit can be rigidly screw-mounted 
to moving parts or pivoted on pins for 
tilt operation. There are no spaces in- 
side the enclosure where moisture can 
collect to cause corrosion or electrical 
failure. 


“OVER CENTER” 
MOUNTING 





PIVOT 


“ON CENTER”. «f——=——— 
MOUNTING e => 


“BELOW CENTER me 
MOUNTING ’ 


Fig. 21—Methods of mounting mer- 
cury switches as illustrated by Micro 
Switch. 


MOUNTING. In mounting mercury 
switches, Minneapolis Honeywell de- 
scribes three general mounting meth- 
ods (1) over center, (2) on center and 
(3) below center. The preferred 
mounting method is over center. See 
Fig. 21. 

(1) “Over center” mounting helps im- 
prove the quick contact action of the 
mercury. If a small free motion is de- 
signed in the support mechanism an 
extra “over center” snap-action can 
occur as the mercury over-balances the 
device, picking up this free motion. 
(2) In applications where minimum 
operating space is a requirement, “on 
center” mounting results in a minimum 
of displacement of each end of the 
tube. In this mounting method a mini- 
mum of material is needed to support 


ELECTROMECHANICAL DESIGN 


aoa 





the swil 
clip can 
(3) In 

mum OF 
low cel 
Lowest 
by coun 
support. 
apprecia 
mechani 
while tk 
ZERO ¢ 
ing the 1 
ting the 
respect 

should | 
applicat 
bar desis 
to insur 
installati 
MOUN’ 
are desi; 
ly. Tube 
and tam 
ning a ° 
mountin 
to lock 
plied to 
the tub 
Switch | 
are shov 


Switch. 


CROSSB., 


The 
acting ; 
has _ sin 
many {| 
only bi 
ment. 

In ge 
such as 
mension 
contacts 
appropr 
nates of 
gram of 
crossbar 
nate n 
switchin 
some 0! 
practica 
the nun 
operatio 
Switch ; 
of these 

Brief 
great fle 
Conside 


OCTOBER 


ire, 

ped to 
uitable 
for use 


stalling 
1S. 
switch 


r KE 
fitting 
le VII 
nation, 
CHES. 
ed for 
nce to 
as for- 
es may 
y glass 
ded in 
etal or 
nt ma- 
ch but 
ulation 
he en- 
Z since 
ounted 
yins for 
ices in- 
ire can 
ectrical 


| 3 PivoT 


ig mer- 
, Micro 


nercury 
ell de- 
. meth- 
iter and 
referred 
er. See 


Ips im- 
of the 
1 is de- 
ism an 
on Can 
ices the 
tion. 

inimum 
nt, “on 
inimum 
of the 
a mini- 
support 


DESIGN 





the switch tube. Often the mounting 
clip can be combined with the pivot. 
(3) In applications where only mini- 
mum operating force is available “be- 
low center” mounting is suggested. 
Lowest operating force can be secured 
by counterbalancing the switch and its 
support. The mercury is not lifted any 
appreciable distance. The actuating 
mechanism and switch tube move 
while the mercury almost stands still. 
ZERO ADJUSTMENT. In any mount- 
ing the need for “zero adjustment” (set- 
ting the switch operating position with 
respect to equipment to be controlled) 
should be reviewed. In very exacting 
applications a small pendulum or plumb 
bar designed into the device often helps 
to insure accurate positioning during 
installation. 

MOUNTING CLIPS. Mounting clips 
are designed to hold the switch secure- 
ly. Tube movement incident to slipping 
and tampering can be avoided by run- 
ning a wire through the holes in the 
mounting clip, then twisting the wires 
to lock them. Cement should be ap- 
plied to secure the wire and clip to 
the tube. Mounting clips by Micro 
Switch Div. of Minneapolis-Honeywell 


are shown in Fig. 22. 
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Fig. 22—Mounting clips made by Micro 
Switch. 


CROSSBAR SWITCHES 


The development of compact, fast 
acting and reliable crossbar switches 
has simplified the performance of 


many functions hitherto achievable 
only by complex arrays of equip- 
ment. 


In general form, a crossbar switch, 
such as shown in Fig. 23, is a 3 di- 
mensional arrangement of electrical 
contacts individually operated by the 
appropriate selection of the coordi- 
nates of the contact. Fig. 24 is a dia- 
gram of a crosspoint in a Cunningham 
crossbar switch showing how a coordi- 
nate magnet system operates the 
switching matrix. Table VIII lists 
some of the modes of operation. In 
practical designs, there are limits to 
the number and sequence of contact 
operations. However, uses of the 
switch are readily visualized, in spite 
of these limits. 

Brief reflection will indicate the 
great flexibility of this type of device. 
Consider the operation of scanning, it 
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? KEL-F NAME PLATES 
shapes...all colors... all materials. LAMINATED BAKELITE PINS 
NYLON PLATES 
POLYETHYLENE PLUGS 
% STYRENE COPOLYMERS RINGS 
TEFLOW SPACERS 
Write, wire, phone for samples, prices and bulletin F listing rane 
stock items. Send specifications or blueprints for prompt quo- STRIPS 
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ACE PLASTIC COMPANY 


91-44 Van Wyck Expwy., Jamaica 35, N. Y. JAmaica 3-5500 














CIRCLE 59 ON INQUIRY CARD 


ANOTHER FIRST... 
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A.C. TIMING MOTOR 


Thinner ... Quieter... 
More Reliable... More Versatile 











MOTOR 


FINGER-THIN eee 
Only 9/16 Inches Short .. . Only 13%4 Inches 


SPECIFICATIONS 


in Diameter .. . very compact . . reduces 
the size of your equipment. Standard Voltage Ratings: 
6, 12, 24, 115, 230 Volts 
WHISPER-QUIET eee y Frequency: 
Strictly an electrical motor . . . practically 60 CPS Standard 


noiseless . . . no rattling of gears or ratchets. 


HIGH TORQUE... 
Y% oz. inch at the rotor with an instantaneous 
start and stop ... requires only 24 watts ... 
can replace larger motors in recorders, con- 
trols and telemetering equipment. 


HIGHEST RELIABILITY... 
Longer life . . . no one-way gears or ratchets 
to fail . . . provides millions of operations 
without any trouble. 
Send for Special Illustrated 
Bulletin AWH MO-806 ; PN 


25, 50 CPS Available 
Power Input: Watts 
Maximum (60 CPS) 


BASIC MOTOR 
Weight: 4 ounces 
Speed: 300 RPM 
Torque: % oz-in. 
Length: 9/16 inch 


WITH pa - TRAIN 
Weight: 5 ou 

Speed: 300 RPM _ 1/6 RPH 
Torque: 30 oz.-in. @ 1 RPM 
Length: Ye inch 
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WATERBURY 20, CONNECTICUT 


Custom Design & Manufacture Of Electronic 
And Electro-Mechanical Timing Devices 
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TABLE VIII 


MODES OF OPERATING AND 
CONTROLLING SWITCHES 


1. Pushbutton—Pushbuttons arranged coordi- 
nately with the hold and select magnets is 
the simplest form of control and random 
selection of any of the crosspoirts. The 
buttons can operate the selected crosspoints 
directly. 


2. Dial—For most remote control applica- 
tions, the dial provides considerable saving 
of space and wiring and can also give 
scanning as well as random selection instruc- 
tions to switch with only two wires. Multiple 


control can be easily set up. 


3. Punched Card or Tape—Conventional 
binary (with decoder) or digital coded cards 
or tape can be used to select or scan switch. 
The addition of a simple high speed elec- 
tronic multiplexer permits the switch to 
scan at high rates of speed. 


4. Self-Stepping—Using off-normal or control 
contacts associated with the hold and select 
magnets, the switch will step itself. The 
speed or scan program can be regulated by 
external command pulses. 














sequence, a number of circuits corres- 
ponding to the capacity of the switch. 
Used in conjunction with stepper 
switches which provide scanning con- 
trol, the switch contacts may be closed 
sequentially from the first to the last 
contact in response to control pulses. 
Much more complex switching  se- 
quences are possible when the switch 
is operated from punched cards, tape 
or computer output. 


A simple digital to analog converter 


can be achieved by combining a cross- 
bar switch with sets of precision resis- 
tors arranged to form several banks of 
voltage dividers. Closing of contacts in 
accordance with a digital input pro- 
vides an accurate voltage division ratio 
from which an analog output is easily 
derived. Similarly an analog-digital 
converter may be devised, based upon 
comparing the output of a resistance 
voltage divider circuit associated with 
the crossbar switch with the unknown 
voltage to be digitized. 


The basic advantage of the crossbar 


switch is its flexibility in handling a 
great many circuits in a compact me- 
chanical package. The variety of con- 
trol modes permits a striking simplifica- 
tion in digital circuitry where much 
of the logic required is provided by the 
crossbar. The crossbar can replace a 
great deal of wiring and _ individual 
components. The quality of the elec- 
trical contacts, and the freedom from 
cross-talk are suitable for practically 
all applications, including low-level 
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CPI RESEARCH CREATES A NEW “SHORT HEAD” SWITCH 


From CPI research comes this new thermal switch with the shortest head 
construction of any AN connector type switch. This hermetically 

sealed, field adjustable, probe type switch was developed for an aircraft 
manufacturer to control inlet air temperature for heating and turbine 
exhaust temperatures for air conditioners. 


There are other uses, too—controlling temperatures of gas turbines and 
heat exchangers or oil in gear boxes—in fact, many places where 
there’s need for a hermetically sealed switch with a fast, easy electrical 
connection. It is possible that this or the many others developed by CPI 
specialists may not solve your problem. If not, CPI research can 

create the switch that will! Send your specs. 


This. new switch is 
constructed of all high 
temperature alloys and has 
a calibration range of 

—20F to 1750F with safe 
momentary overshoot to 
2000F and undershoot to 
—100F. It is available in a 
variety of threaded and plate 
mountings. Mention 


“Spec-Stat” when inquiring. CONTROL PRODUCTS, INC. 


308 Sussex Street, Harrison, N.J. 
CIRCLE 62 ON INQUIRY CARD 
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| thermocouple switching. AF 
| Regarding life, that everpresent prob- » 
lem in contactor devices, the Cunning- - & 
ham crossbar is rated at 20,000,000 op- ac 
erations minimum per crosspoint at > 
1/10 ampere non-inductive at 50 volts + 
d-c. This current rating is sufficiently ria 
high (5 watts) to drive many types of rit 
output devices directly, without the £ : 
need for interposing buffer amplifiers, a 
Contact bounce is restricted to 200 mi- as 
croseconds on make. tye 
On the negative side, since the fl 
switch is mechanical, its speed of op- oat 


eration is necessarily limited. On the 
Cunningham crossbar, “hold coils” 
with magnetic inductance require 6-7 
milliseconds for actuation although this 
time can be cut in half by operation 
from a high impedance current source. 
When the switch is appropriately driv- 
en, its operation is restricted to less 
than 100 points-second, which is of 
the order of high speed, relay-type 
devices. 

The following information is sug- 
gested in specifying a cross-bar switch 
for scanning purposes: 

e Number of positions to be scanned 

e Number of wires (poles) per 
position 

e Minimum and maximum speeds of 
scan in positions per second 

e Modes of control: 1) Dial 2) Push- 

button 3) Self pulse 4) External 

pulse 

Signal characteristics 

Special mounting requirements 

Life requirements 

Specify whether contact is bridg- 

ing or non-bridging. 


t your 
circuits 
Thermocal switch 


PYRISTOR®... protects your 


equipment circuitry... precisely 





Ball Ways Minimize Stixion 
NEW miniature, hermetically sealed, single- 









shot, current-sensitive switch for positive Beaver ball way cartridges are now 

overload protection and for current operated being employed to virtually eliminate 

triggering devices. | breakaway friction on horizontal slid- 

ing tables and other machine tool parts. 

RELIABILITY /n critical environments While ball and roller type ways have 

... from —100° F, to +1000°F. continuous. _ been used in the past to contend with 
ee poe ER ...Closing time 1 millisecond to 5 seconds. stixion, they have generally been of 
complete specifications: the rolling “caged” type which must 
advanced concepts of be 50% longer than the table to pro- 
eee) op cmee nauniatinn vide support for extreme positioning 







on the bed. The new cartridges are 
attached to and made a part of the 
moving unit. Balls are recirculated 


4 within the cartridge as they are re- 
ther naocal circulated within the nut of _ ball 


screws. 
1631 COLORADO AVENUE Beaver Precision Products,  Ince., 
SANTA MONICA, CALIFORNIA Clawson, Mich. 






Circle No. 178 on Inquiry Card 


CIRCLE 63 ON INQUIRY CARD 
ELECTROMECHANICAL DESIGN 


